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ABSTRACT 



The present invention provides cyclopentane heptanoic acid, 
2-cycloalkyl or arylalkyl compounds, which may be substi- 
tuted in the 1-position with amino, amido, ether or ester 
groups, e.g., a 1-0 H cyclopentane heptanoic acid, 
2-(cycloalkyl or arylalkyl) compound. The cyclopentane 
heptanoic acid, 2-(cycloalkyl or arylalkyl) compounds of the 
present invention are potent ocular hypotensives, and are 
particularly suitable for the management of glaucoma. 
Moreover, the cyclopentane heptanoic, 2-(cycloalkyl or 
arylalkyl) compounds of this invention are smooth muscle 
relaxants with broad application in systemic hypertensive 
and pulmonary diseases; smooth muscle relaxants with 
application in gastrointestinal disease, reproduction, 
fertility, incontinence, shock, etc. 

20 Claims, No Drawings 
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1 2 

CYCLOPENTANE HEPTANOIC ACID, 2~ enlarged cataracts, central retinal vein occlusion, trauma to 

CYCLOALKYL OR ARYLALKYL the eye, operative procedures and intraocular hemorrhage. 

DERIVATIVES AS THERAPEUTIC AGENTS Considering all types together, glaucoma occurs in about 

rR^<2RPFRRFNrp TO RKi atph « 2% of ail persons over the age of 40 and may be asymptotic 

UlObbREHa^CE TO RELATED 5 for years before progressing to rapid loss of vision In cases 

AFPLICAnONS where surgery is not indicated, topical b-adrcnoreceptor 

This patent application is a continuation-in-part of U.S. antagonists have traditionally been the drugs of choice for 

patent application Scr. No. 08/37 1339. filed on Jan. 11, treating glaucoma. 

1995 now U.S. Pat No. 5*607.978 which is a continuation Prostaglandins were earlier regarded as potent ocular 

of U.S. patent application Ser. No. 08/154*244 which was 10 hypertensives; however, evidence accumulated in the last 

filed on Nov. 18, 1993, now abandoned, which is a divisional two decades shows that some prostaglandins are highly 

of U.S. patent application Ser. No. 07/948.056, filed on Sep. effective ocular hypotensive agents and are ideally suited for 

21, 1992, now U.S. PaL No. 5352,708 issued on Oct 4, mc long-term medical management of glaucoma. (See, for 

1994, all of which are hereby incorporated by reference. example. Stair, M. S. Exp. Eye Res. 1971, 11, pp. 170-177; 

13 Bito, L. Z. Biological Protection with Prostaglandins 

BACKGROUND OF THE INVENTION Cohen, M. M., ed., Boca Raton, Ha, CRC Press Inc., 1985, 

1. Field of the Invention » j 31 ; 2 ^ B *°\ L ^' 4*** Ph "rmacology in the 

_ ... Medical Treatment of Glaucomas Drance, S. M. and 

The present invention provides cyclopentane heptanoic Neufeld, A. H. eds.. New York, Grune & Stratton, 1984, pp. 

acid. 2-cycloalkyl or arylalkyl compounds, which may be 20 477.505). Such prostaglandins include PGF^ PGR 

substituted in the l-positioo with amino, amido, ether or PGE^ and certain lipid-soluhle esters, such as C, to C 5 alkrt 

ester groups, e.g., a 1-OH cyclopentane heptanoic acid, esters, e.g. 1-isopropyl ester, of such compounds. 

particularly suitable for the management of glaucoma. I3.„ fc . „_.. i~ . , 

w„„„, r „ . . . 6 . . , ?~, , hypotensive activity and were recommended for use in 

Moreover, the cyclopentane heptanoic, 2-(cycloalkyl or glaucoma management 

arylalkyl) compounds of this invention are smooth muscle .... uu _ . ... 

relaxants with broad application in systemic hypertensive Although me precise mechanism is not yet known, recent 

and pulmonary diseases; smooth muscle relaxants with » cxpenmental results indicate that the prostaglandin-induced 

application in gastrointestinal disease, reproduction, ^e<,uc^0,, , 1D ^""J* - P rcssure Ksuia *«» increased 

fertility, incontinence, shock, etc uveoscleral outflow [Nilsson et al.. Invest. Ophthabnol. Yu. 

l.LxiptionoftheR^tedArt ^ff^/Tip h, „ ^ h 

n . . . _ The isopropyl ester of PGF^ has been shown to have 

Ocular hypotensive agents are useful in the treatment of significantly greater hypotensive potency than the parent 

a number of various ocular hypertensive conditions, such as compound, which was attributed to its more effectivepen- 

post-surgical and post-laser trabeculectomy ocular hyper- etration through the cornea. In 1987 this compound was 

tensive episodes, glaucoma, and as presurgical adjuncts. described as 'the most potent ocular hypotensive agent ever 

Glaucoma is a disease of the eye characterized by reported." [See, for example, Bito, L. Z^Arch. Ophthalmol. 
increased intraocular pressure. On the basis of its etiology, ^ 105, 1036 (1987), and Siebold et al. Prodrug 5, 3 (1989)]. 
glaucoma has been classified as primary or secondary. For Whereas prostaglandins appear to be devoid of significant 
example, primary glaucoma in adults (congenital glaucoma) intraocular side effects, ocular surface (conjunctival) hype- 
may be either open-angle or acute or chronic angle-closure. remia and foreign-body sensation have been consistently 
Secondary glaucoma results from' pre-existing ocular dis- associated with the topical ocular use of such compounds, in 
eases such as uveitis, intraocular tumor or an enlarged 45 particular PGF^ and its prodrugs, e.g. its 1-isopropyl ester, 
cataract in humans. The clinical potential of prostaglandins in the 

The underlying causes of primary glaucoma are not yet management of conditions associated with increased ocular 

known. The increased intraocular tension is due to the pressure, e.g. glaucoma, is greatly limited by these side 

obstruction of aqueous humor outflow. In chronic open- effects. 

angle glaucoma, the anterior chamber and its anatomic 50 Certain phenyl and phenoxy mono, tri and terra nor 

structures appear normal, but drainage of the aqueous humor prostaglandins and their 1 -esters are disclosed in European 

is impeded In acute or chronic angle-closure glaucoma, the Patent Application 0364,417 as useful in the treatment of 

anterior chamber is shallow, the filtration angle is narrowed, glaucoma or ocular hypertension 

?*^l*!?™ y * S ^** C **** * mc In a series of co-pending United States patent applications 

1?%^ Dflah i n °* pUpU my 55 assi « ncd t0 Allergan, Inc. prostaglandin elters with 

push the root of the ins forward against the angle, and may increased ocular hypotensive activity accompanied with no 

rffoduce pupillary block and thus precipitate an acute attack. or substantially reduced side-effects are disclosed. The 

Eyes with narrow anterior chamber angles are predisposed co-pending U.S. Ser. No. 386,835 (filed 27 Jul 1989), 

to acute angle^losure glaucoma attacks of various degrees rel ates to certain 11-acyl-prostaglandins, such as 

or seventy. ^ ^p^oyi, ll-acetyl, 11-isobutyryl, 11-valeryl, and 

Secondary glaucoma is caused by any interference with 11-isovaleryl PGF^. Intraocular pressure reducing 15-acyl 

the flow of aqueous humor from the posterior chamber into prostaglandins are disclosed in the copending application 

the anterior chamber and subsequentiy, into the canal of U.S. Ser. No. 357,394 (filed 25 May 1989). Similarly 11 15- 

SchlcmriL Inflammatory disease of the anterior segment may 9,15- and 9. U -dies tecs of prostaglandins, for example 

prevent aqueous escape by causing complete posterior syn- 65 11,15-dipfvaloyl PGF^ are known to have ocular hypoten- 

echia 111 ins borabe and may plug the drainage channel with sive activity. See the co-pending patent applications U.S. 

exudates. Other common causes are intraocular tumors, Ser. No. 385,645 filed 27 Jul. 1990, now US. Pat No, 
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4,494274; 584 370 which is a continuation of U.S. Ser. No. 
386312, and 585284, now U.S. PaL No. 5,034,413 which 
is a continuation of U.S. Ser. No. 386,834, where the parent 
applications were filed on 27 Jul. 1989. The disclosures of 
these patent applications are hereby expressly incorporated 
by reference. 

SUMMARY OF THE INVENTION 

We have found that certain cyclopentaoe heptanoic add. 
2-cycloalkyl or aryialkyl compounds and derivatives thereof 
wherein the carboxylic acid group is replaced by a non- 
acidic substituent have pronounced effects on smooth 
muscle and are potent ocular hypotensive agents. We have 
further found that such compounds, in certain instances, may 
be significantly more potent than their respective parent 
compounds and, in die case of glaucoma surprisingly, cause 
no or significantly lower ocular surface hyperemia than the 
parent compounds. 

The present invention relates to methods of treating 
cardiovascular, pulmonary-respiratory, gastrointestinal, 
reproductive, allergic disease, shock and ocular hyperten- 
sion which comprises administering an effective amount of 
a cyclopentane heptanoic acid, 2-cycloalkyl or aryialkyl 
compound represented by the formula I 




wherein the dashed bonds represent a single or double bond 
which can be in the cis or trans configuration, A is an 
alkylene or alkenylene radical having from two to six carbon 
atoms, which radical may be interrupted by one or more 
oxide radicals and substituted with one or more hydroxy, 
oxo, alkyloxy or akylcarboxy groups wherein said alky] 
radical comprises from one to six carbon atoms; B is a 
cycloalkyl radical having from three to seven carbon atoms, 
ox an aryl radical, selected from the group consisting of 
hydrocarbyl aryl and heteroaryl radicals having from four to 
ten carbon atoms wherein the heteroatom is selected from 
the group consisting of nitrogen, oxygen and sulfur atoms; 
X is a radical selected from the group consisting of — OR 4 
and — N(R 4 >2 wherein R 4 is selected from the group con- 
sisting of hydrogen, a lower alkyl radical having from one 
to six carbon atoms, 



o 
II 

R 3 — C- 



O 
II 

R3_0_C- 



heteroaryl radical is not substituted with a pendant radical 
having an atom other than carbon or hydrogen.) 

More preferably the method of the present invention 
comprises administering a cyclopentane heptanoic acid, 
2-(phenyl alkyl or phenyloxyalkyl) represented by the for- 
mula n 



10 



15 




wherein y is 0 or 1. x is 0 or 1 and x and y are not both 1, 
Y is a radical selected from the group consisting of alkyl 
20 halo, e.g. fluoro, chloro, etc, nitro, amino, thiol, hydroxy, 
alkyloxy, alkylcarboxy. halo substituted alkyl wherein said 
alkyl radical comprises from one to six carbon atoms, etc. 
and n is 0 or an integer of from 1 to about 3 and R 3 is =0. 
— OH or — 0(CO)R* wherein R$ is as defined above. 
Preferably, n is 1 or 2. 

Preferably the compound used in the above method of 
treatment is a compound of formula (HI). 

30 



25 



35 



wherein R 5 is a lower alkyl radical having from one to six 
carbon atoms; Z is =0 or represents 2 hydrogen radicals; 
one of R x and R 2 is =0, —OH or a —0(00^ group, and 
the other one is —OH or — 0(CO)R$, or K x is ==0 and R 3 
is H, wherein R 6 is a saturated or unsaturated acyclic 
hydrocarbon group having from 1 to about 20 carbon atoms, 
or — (CH^mRy wherein mis 0 or an integer of from 1 to 10, 
and R? is cycloalkyl radical, having from three to seven 
carbon atoms, or a hydrocarbyl aryl or heteroaryl radical, as 
defined above, orapharniaceurically-acceptable salt thereof, 
provided, however, that when B is not substituted with a 
pendant heteroatom-containing radical, and Z is =0, then X 
is not — OR 4 . (That is, the cycloalkyl or hydrocarbyl aryl or 




wherein hatched lines indicate a configuration, solid tri- 
40 angles are used to indicate (5 configuration 

In another aspect, the present invention relates to a 
method of treating cardiovascular, pulmonary-respiratory, 
gastrointestinal, reproductive and allergic diseases, shock 
45 and ocular hypertension which comprises administering to a 
subject a pharmaceutical composition comprising a thera- 
peutically effective amount of a compound of formula (IV) 



50 



(CH,)y(0)i 



55 



R 3 



■or 



wherein Y 1 is CI or trifluoromethyl and the other symbols 
and substituents are as defined above, in combination with 
60 a pharmaceutical carrier. 

Finally, the method of the present invention relates to a 
method of treating cardiovascular, pulmonary-respiratory, 
gastrointestinal, reproductive and allergic diseases, shock 
65 and ocular hypertension which comprises administering to a 
subject a pharmaceutical composition comprising a thera- 
peutically effective amount of a compound of Formula V 
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6 




OH 



and the 9-and/or 1 1- and/or 15 esters thereof. 

Id a further aspect the present invention relates to phar- 
maceutical compositions comprising a therapeutically effec- 
tive amount of a compound of formulae (I), (□). (Ill), (IV) 
or (V) wherein the symbols have the above meanings, or a 
pharmaceuticalry acceptable salt thereof in admixture with a 
non-toxic, pharmaceutically acceptable liquid vehicle. 

In a still further aspect the present invention relates to 
cyclopentane heptanoic acid, 2-cycloalkyI or arylalkyl com- 
pounds of the above formulae, wherein the substituents and 
symbols are as defined hereinabove, or a pharmaceutically 
acceptable salt of such compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to the use of cyclopentane 
heptanoic acid, 2-cycloalkyl or arylalkyl compounds as 
therapeutic agents, e.g. as ocular hypotensives. These thera- 
peutic agents are represented by compounds having the 
formula I. 



Ri Z 




X 



as defined above. The preferred nonacidic cyclopentane 
heptanoic acid, 2-(phenyl alkyl or phenyloxyalkyl) com- 
pounds used in accordance with the present invention are 
encompassed by the following structural formula (H) 



R, Z 




wherein the substituents and symbols are as hereinabove 
defined. More preferably the compounds are represented by 
formula (HI). 



Ri Z 




Ra 



wherein the substituents and symbols are as defined above. 
More preferably, the compounds utilized in the present 
invention are compounds represented by the formula (IV) 



Ri 



5 




10 wherein the substituents and the symbols are as defined 
above. 

Most preferably the present invention utilizes the novel 
compounds of the formula (V) 




and their 9* and/or 11- and/or 15 -esters. 
In all of the above formulae, as well as in those provided 

25 hereinafter, the dotted lines on bonds between carbons 5 and 
6 (C-5), between carbons 13 and 14 (C-13), between carbons 
8 and 12 (C-8), and between carbons 10 and 11 (C-10) 
indicate a single or a double bond which can be in the cis or 
trans configuration. If two solid lines are used that indicates 

30 a specific configuration for that double bond. Hatched lines 
at positions C-9, C- 11 and C- 15 indicate the a configuration. 
If one were to draw the p configuration, a solid triangular 
line would be used. 
In the compounds used in accordance with the present 

35 invention, compounds having the C-9 or C-ll or C-15 
substituents in the a or p configuration are contemplated. As 
hereinabove mentioned, in all formulas provided herein 
broken line attachments to the cydopentane ring indicate 
substituents in the a configuration. Thickened solid line 
attachments to the cyclopentane ring indicate substituents in 

40 the p configuration. Also, the broken line attachment of the 
hydroxyl group or other substituent to the C-ll and C-15 
carbon atoms signifies the a configuration. 

For the purpose of this invention, unless further limited, 
the term "alky!" refers to alkyl groups having from one to 

45 ten carbon atoms, the term "cycloalkyr refers to cycloalkyl 
groups having from three to seven carbon atoms, the term 
M aryr refers to aryl groups having from four to ten carbon 
atoms. The term "saturated or unsaturated acydic hydrocar- 
bon group" is used to refer to straight or branched chain, 

50 saturated or unsaturated hydrocarbon groups having from 
one to about 6, preferably one to about 4 carbon atoms. Such 
groups include alkyl, alkenyl and alkynyl groups of appro- 
priate lengths, and preferably are alkyl, e.g. methyl, ethyl, 
propyl, butyl pentyl, or hexyl, or an isomeric form thereof. 

55 The definition of R* may include a cyclic component, 
— (CH 2 ) m R 7 , wherein n is 0 or an integer of from 1 to 10, 
R 7 is an aliphatic ring from about 3 to about 7 carbon atoms, 
or an aromatic or heteroaromatic ring. The "aliphatic ring" 
may be saturated or unsaturated, and preferably is a satu- 

60 rated ring having 3-7 carbon atoms, inclusive. As an aro- 
matic ring, R 7 preferably is phenyl, and the heteroaromatic 
rings have oxygen, nitrogen or sulfur as a heteroatom, i.e. R 7 
may be thienyl, furanyL, pyridyl, etc. Preferably m is 0 or an 
integer of from 1 to 4. 

65 2 is =0 or represents two hydrogen atoms. 

X may be selected from Che group consisting of — OR 4 
and — N(R*) 2 wherein R* is selected from the group con- 
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8 



10 



si sting of hydrogen, a lower alkyl radical having from one 
to six carbon atoms, 

o o 
II II 

R 5 — C — orR 3 — O— C— 

wherein R 5 is a lower alkyl radical having from one to six 
carbon atoms. 

Preferred representatives of the compounds within the 
scope of the present invention are the compounds of formula 
V wherein X is — OH, Le. cyclopentane heptenoic acid, 
5-cis-2-(3-ahydroxy-4-m-chlorophenoxy-l-trans-butcnyl)> 
3, 5-dihydroxy, [l 0! -2B,3 a ,5 a ] and cyclopentane 
mjethylheptenoate-5-cis-2(3^ 

l-trans-butenyl>3, 5 dihydroxy, [l^^, 5 J and the 9- 
and/or 11- and/or 15-esters of this compound. (The num- 
bered designations in brackets refer to the positions on the 
cydopentane ring.) 

The following novel compounds may be used in the 
pharmaceutical compositions and the methods of treatment 
of the present invention. 

(1) cyclopentane heptenol-5-cis-2-(3a-hydroxy-5- 
phenyl-l-trans-pentenyl)-3, 5-dihydroxy, [l a ^ p J a ^J, 

(2) cyclopentane heptcnamide-5-cis-2-(3a-hydroxy-5- 
jAenyl-l-trans^)entenyl)-3, 5-dihydroxy, [l a ^p3 a ^6j 

(3) cydopentane N^-din^ylheptenamide-5-cis-2-(3a- 
hydroxy-5-phenyl-l-trans-pentenyl>-3, 5-dihydroxy, [l a ^. 

(4) cyclopentane heptenyl methoxide-5-cis-2-(3cc- 
hydroxy-5-phenyl-l-trans-pentenyl>3, 5-dihydroxy, [l n 2*, 

(5) cyclopentane heptenyl ethoxide-5-cis-2-(3a-hydroxy- 
4-meta-chlorophenoxy- 1 -trans -pcntcnyl)-3 . 5-dihydroxy, 
[1* 2 P , 3 a ^J 

(6) cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4- 
meta-chlorophenoxy- l-trans-peatenyl)-3, 5-dihydroxy, [l a , 
2p,3 a , 5 a ] 

(7) cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4- 
trifluoromethylphenoxy- 1 -trans-pentenyl)-3 ♦ 5-dihydroxy, 
[1«* 2p, 3,^*5^ 

(8) cyclopentane N-isopropyl heptenamide-5-cis-2-<3a- 
hydroxy-5-phenyl-l-trans-pentenyl)-3, 5-dihydroxy, [loA« 

(9) cyclopentane N-ethyl heptenamide-5-cis-2-(3a- 
hydroxy-5-phenyl-t-trans-pentenyl)-3, 5 dihydroxy, [l at 2p, 
3 a ^J 

(10) cyclopentane N-methyl heptenamide-5-ds-2-(3a- 
hydroxy-5-phenyl-i-trans-pentenyl)-3, 5-dihydroxy, [l a ^ 

(11) cyclopentane heptenol-5-cis-2-(3a-hydroxy-4^meta- 
chlorophenoxy-l-trans-butenyl)-3, 5-dihydroxy, [l a 2«3 a * 
5 J 

(12) cydopentane heptenamide-5-cis-2-(3a-hydroxy-4- 
meta-chlorophenoxy- l-trans-butenyl)-3, 5-dihydroxy, [l a , 

2fl*3 a ,5J 55 

(13) cyclopentane heptenol-5-cis-2-(3a-hydroxy-5- 
phenyl-l-trans-pentenyl)3. 5-dihydroxy, [l a 2 p 3 0 ,5 a ] 

A pharmaceutically acceptable salt is any salt which 
retains the activity of the parent compound and does not 
impart any deleterious or undesirable effect on the subject to 60 
whom it is administered and in the context in which it is 
administered- Such salts are those formed with pharmaceu- 
tically acceptable cations, e.g.. alkali metals, alkali earth 
metals, etc 

Pharmaceutical compositions may be prepared by com- 65 
bining a therapeutically effective amount of at least one 
compound according to the present invention, or a pharma- 



ceutically acceptable salt thereof, as an active ingredient, 
with conventional ophthalmically acceptable pharmaceuti- 
cal excipients, and by preparation of unit dosage forms 
suitable for topical ocular use. The therapeutically efficient 
amount typically is between about 0.0001 and about 5% 
(wAO, preferably about 0.001 to about 1.0* (w/v) in liquid 
formulations. 

For ophthalmic application, preferably solutions are pre- 
pared using a physiological saline solution as a major 
vehicle. The pH of such ophthalmic solutions should pref- 
erably be maintained between 4.5 and 8.0 with an appro- 
priate buffer system, a neutral pH being preferred but not 
essential. The formulations may also contain conventional 
pharmaceutically acceptable preservatives, stabilizers and 
surfactants. 

Preferred preservatives that may be used in the pharma- 
ceutical compositions of the present invention include, but 
are not limited to, benzalkonium chloride, chlorobutanol, 
thimerosal, phenylmercuric acetate and phenylmercuric 
nitrate. A preferred surfactant is, for example, Tween 80. 
Likewise, various preferred vehicles may be used in the 
ophthalmic preparations of the present invention. These 
vehicles include, but are' not limited to, polyvinyl alcohol, 
povidone, hydroxypropyl methyl cellulose, poloxamers, car- 
boxymethyl cellulose, hydroxyethyl cellulose cyclodextrin 
and purified water. 

Tonicity adjusters may be added as needed or convenient 
They include, but are not limited to, salts, particularly 
sodium chloride, potassium chloride, mannitol and glycerin, 
or any other suitable ophthalmically acceptable tonidty 
adjuster. 

Various buffers and means for adjusting pH may be used 
so long as the resulting preparation is ophthalmically accept- 
able. Accordingly, buffers include acetate buffers, citrate 
buffers, phosphate buffers and borate buffers. Acids or bases 
may be used to adjust the pH of these formulations as 
needed. 

In a similar vein, an ophthalmically acceptable antioxi- 
dant for use in the present invention includes, but is not 
limited to, sodium metabisutfite, sodium thiosulfate, 
40 acetylcysteine, butylated hydroxyanisole and butylated 
hydroxytoluene. 

Other excipient components which may be fnplnrfwi in the 
ophthalmic preparations are chelating agents. The preferred 
chelating agent is edentate disodium, although other chelat- 
45 ing agents may also be used in place of or in conjunction 
with it 

The ingredients are usually used in the following 
amounts: 



20 



23 



30 



35 



50 





Amount (9b w/v) 


active ingredient 


about 0.001-5 


preservative 


0-O.10 


vehicle 


CMO 


tonicity adjuster 


0-10 




0.01-10 


pH adjuster 


qj. pH 4.5-7.5 


asticnud&iit 


as needed 


surfactant 


as needed 


purified water 


as needed to make 




100% 



The actual dose of the active compounds of the present 
invention depends on the specific compound, and on the 
condition to be treated; the selection of the appropriate dose 
is well within the knowledge of the skilled artisan. 

The ophthalmic formulations of the present invention are 
conveniently packaged in forms suitable for metered 
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application, such as in containers equipped with a dropper, 
to facilitate application to the eye. Containers suitable for 
dropwisc application are usually made of suitable inert, 
non-toxic plastic material, and generally contain between 
about 0.5 and about 15 ml solution. One package may 5 
contain one or more unit doses. 

Especially preservative-free solutions are often formu- 
lated in non-re scalable containers containing up to about ten, 
preferably up to about five units doses, where a typical unit 
dose is from one to about 8 drops, preferably one to about 10 
3 drops. The volume of one drop usually is about 20-35 ml. 

The invention is further illustrated by the following 
non-limiting Examples. 

EXAMPLE 1 I3 



10 



raraol) in NH 3 was heated at 80° C. for 12 hours. After 
cooling to room temperature, the solvents were evaporated 
and the residue was subjected to column chromatography to 
provide the named amide as 7.2 rag of a clear, colorless 
liquid. 

EXAMPLE 4 

Cyclopentane heptenoic acid-5-cis-2-(3a-hydroxyl- 
4-m-trifluoroineuiylphenoxy-l-trans-butenyl)-3^- 
dihydroxy [Ia.2p3a.5a] 

This compound may be purchased from Cayman Chemi- 
cal Company of Ann Arbor, Michigan or synthesized by 
methods known in the art 

EXAMPLE 5 



Cyclopentane heptenaraide-5-cis-2-(3a-hydroxyl-4- 
m-trifluoromethylphenoxy-l-trans-butenyl)-3. 5- 
dihydroxy [la.2p3a,5a] 

A mixture of the methyl ester of the compound of 
Example 4 (fluprostcnol) and NH 4 C in NH 3 is heated at 80° 
C. for 12 hours. After cooling to room temperature the 
solvents are evaporated and the residue is subjected to 
column chromatography to provide the named amide. 

EXAMPLE 6 

Measurement of intraocular pressure studies in dogs 
involved pneumatonometry performed in conscious. Beagle 
dogs of both sexes (10-15 kg). The animals remained 
conscious throughout the study and were gently restrained 
by hand. Drugs were administered topically to one eye as a 
To a stirred solution of cyclopentane heptenoic acid, 30 25 uL volume drop, the other eye received 25 uL vehicle 



Cyclopentane heptenoic acid, 5-cis-2-(3a-hydroxy- 
4-m-chlorophenoxy-l-irans-butenyi)-3^-dihydroxy, 

This compound may be purchased from Cayman Chemi- 
cal Company of Ann Arbor, Michigan or synthesized by 
methods known in the art 

EXAMPLE 2 

Cyclopentane methylheptenoate-5-cis-2(3a- 
hydroxy-4-m-chlorophenoxy-l-trans-butenyl)-3, 5- 
dihydroxy; [1„^3«.5J 



20 



25 



5Kus-2-(3a4iydroxy^m-chlorophenoxy-l-trans-butenyl)- 
3,5-dihydroxy, [ l a ^ p 3 a ^ a ](24 mg. 0.0565 mmol) in 
acetone (0.6 ml) at room temperature was added 1,8- 
diazabicyclo[5.4.0.]undec-7-ene (DBU) (40. ul, 0.27 mmol) 



(0.1% polysorbate 80:10 mM TRB) as a control. 0.1% 
proparacaine was used for corneal anesthesia during tonom- 
etry. Intraocular pressure was determined just before drug 
administration and at 2, 4 and 6 hours thereafter on each day 



and methyl iodide (20 ul, 0.32 mmol). The reaction turned 33 of the 5 day study. Drug was administered twice a day, with 

yellow with the DBU addition. The reaction was maintained a 6 hour interval between doses that spanned the intraocular 

at room temperature for 6 J hours, then was diluted with pressure measurement time frame. The result reported in 

ethyl acetate (30 ml) and filtered through a plug of celite Table 1, below. 



TABLE 1 



Comparison of effects of certain compounds of the 
invention on dog intraocular pressure. Values indicate mean changes 
from haaclinc intraocular pressure (±SEM) at predetermined times 
post-dosing, n = 8, *p < 0.05, **p < 0D1. 



COMPOUND 


DOSE % 


2 


4 


6 


24 


Example 1 


0.01 


-0.1 ± 0,8 


-5.2 ± 1.4** 


-43 ±0* 


-4.4 ± 0.8 


Example 1 


0.1 


-3.1 ± 0.8** 


-3.2 ± 0.7 


-2.7 ± 0.8 




Example 3 


0.01 


-2.2 ± IX)* 


S3 ± 1.1** 


-4.0 ± 1.4* 


2.7 ± 1.1* 


Example 3 


0.1 


-1.3 ± 0.4* 


. 23 ±0.7** 


-2.6 ± 0.6** 




Example 5 


0.1 


-2.7 ± 0,8* 


-34 ± 0.9* 


-2.8 ± 0.4** 


-2.1 ± 1.6* 


Example 4 


001 


-0.9 ± 0.7 


-2.5 ± 0.7* 


-3.2 ±0.7** 


-1.3 ± 0.7 


Fhipiostenol 


0.1 


-1.3 ± 0.1 


-2.1 ± U 


-2.7 ± 13 


-3.1 ± 0.9* 



55 



60 



with the aid of ethyl acetate. After concentration in vacuo, 
the residue was flushed with ethylacetate (EtOAc) through a 
20 mmxl60 mm column of silica to give the desired methyl 
ester. 

EXAMPLE 3 

Cyclopentane hcptenamide-5-cis-2-(3a-hydroxy-4- 
m-chlorophenoxy-l-trans-butenyl)-3, 5-dihydroxy, 

[l 0 ^ p J a .5J ^ 

A mixture of the methyl ester of the compound of 
Example 1 (9.2 mg, 0.0222 rnmo^andM^CKlOmg, 0.187 



EXAMPLE 7 

Measurement of ocular surface hyperemia was visually 
assessed and scored according to the following schematic: 



Hyperemia Score 



Assigned Value 



<1 

1 slight 
>1<2 
2 
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-continued 
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Hyperemia Score 


Assigned Value 


>2>3 


5 


3 severe 


6 



(baseline scores for dogs are typically < 1) 

The hyperemia value for each dog at a single time point (x) 
is obtained as follows: (treated eye value at hr x-baseline 
valueHcontrol eye value at hr x-baseline value). A compos- 
ite value is then obtained by dividing the sum of the 
post-treatment measurement at each time point by the num- 
ber of animals in the group: i.e. m where m=n measurements 
of ocular surface hyperemia- Ocular surface hyperemia is 
evaluated at the same time points as intraocular pressure 
measurement It should be noted that untreated dog eyes 
frequently have a pink/red tone. Thus, values of <1 and 1 are 
essentially within the normal range. The results are reported 
in Table 1 below. 

TABLE 2 

Comparison of effects of certain compouads of the 
invention on dog ocular suface hyperemia. Values are 
composite scores as indicated in the methods. 

OCULAR SURFACE HYPEREMIA: 



COMPOUND 


DOSE* 


COMPOSITE SCORE 


Example 1 


0J01 




Example 1 


0.1 


033 


Example 3 


0.01 




Example 3 


OA 


0.81 


Example 5 


0.1 


0.81 


Example 4 


OJ01 


1.08 


Ftuprosteool 


0.1 


1.50 



It is dear that the compounds of Examples 1, 3 and 5, 
unexpectedly, show better efficacy at lowering IOP than 
Example 4 while showing Less hyperemia. 

The compounds of the invention may also be useful in the 
treatment of various pathophysiological diseases including 
acute myocardial infarction, vascular thrombosis, 
hypertension, pulmonary hypertension, ischemic heart 
disease, congestive heat failure, and angina pectoris, in 
which case the compounds may be administered by any 
means that effect vasodilation and thereby relieve the symp- 
toms of the disease. For example, administration may be by 
oral, transdermal, parentcrial subcutaneous, intravenous, 
intramuscular, intraperitoneal, transdermal, or buccal routes. 

The compounds of the invention may be used alone, or in 
combination with other of the known vasodilator drugs. 

The compounds of the invention may be formulated into 
an ointment containing about 0.10 to 10% of the active 
ingredient in a suitable base of, for example, white 
petrolatum, mineral oil and petroatum and lanolin alcohol 
Other suitable bases will be readily apparent to those skilled 
in the art. 

The pharmaceutical preparations of the present invention 
are manufactured in a manner which is itself known, for 
example, by means of conventional dissolving or suspend- 
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magnesium stearate and, optionally, stabilizers. In soft 
capsules, the active compounds are preferably dissolved or 
suspended in suitable liquids, such as in buffered salt solu- 
tion. In addition, stabilizers may be added. 
3 In addition to being provided in a liquid form, for example 
in gelatin capsule or other suitable vehicle, the pharmaceu- 
tical preparations may contain suitable excipients to facili- 
tate the processing of the active compounds into prepara- 
10 tions that can be used pharmaceutical^. Thus, 
pharmaceutical preparations for oral use can be obtained by 
adhering the solution of the active compounds to a solid 
support optionally grinding the resulting mixture and pro- 
cessing the mixture of granules, after adding suitable 
auxiliaries, if desired or necessary, to obtain tablets or dragee 
cores. 

Suitable excipients are, in particular, fillers such as sugars, 
for example lactose or sucrose, mannitol or sorbitol, cellu- 
20 lose preparations and/or caldum phosphates, for example 
tricalcium phosphate or calcium hydrogen phosphate, as 
well as inders such as starch, paste using for example, maize 
starch, wheat starch, rich starch, potato starch, gelatin, 
tragacanth, methyl cellulose, 

hydroxypropylmethylcellulose, sodium 
carboxymcthylcellulose , and/or polyvinyl pyrrolidone. If 
desired, disintegrating agents may be added such as the 
above-mentioned starches and also carboxymethyl-starclL 
crosslinked polyvinyl pyrrolidone. agar, or algenic acid or a 
salt thereof, such as sodium alginate. Auxiliaries are, above 
all, flow-regulating agents and lubricants, for example, 
silica, talc, stearic acid or salts thereof, such as magnesium 
stearate or calcium stearate. and/or polyethylene glycol 
Dragee cores are provided with suitable coatings which if 
desired, are resistant to gastric juices. For this purpose, 
concentrated sugar solutions may be used, which may 
optionally contain gum arable, talc, polyvinyl pyrrolidone, 
polyethylene glycol and/or titanium dioxide, lacquer solu- 
40 tions and suitable organic solvents or solvent mixtures. In 
order to produce coatings resistant to gastric juices, solu- 
tions of suitable cellulose preparations such as acetylcellu- 
lose phthalate or hydroxypropylmemyl-cellulose phthalate, 
are used. Dye stuffs or pigments may be added to the tablets 
or dragee coatings, for example, for identification or in order 
to characterize combinations of active compound doses. 

Suitable formulations for intravenous or parenteral 
administration include aqueous solutions of the active com- 
pounds. In addition, suspensions of the active compounds as 
oily injection suspensions may be administered. Aqueous 
injection suspensions may contain substances which 
increase the viscosity of the suspension include, for 
example, sodium carboxymethyl cellulose, soribitol, and/or 
dextran. Optionally, the suspension may also contain stabi- 
lizers. 

The foregoing description details specific methods and 
compositions that can be employed to practice the present 



25 



30 



35 



45 



50 



55 



ing the compounds, which are all either water soluble or, J ^ _ , A J 

suspeiKiabirFor administration in the treatment of the other 60 invention, and represents the bestmode contemptoted. 



mentioned pathophysiological disorders. The pharmaceuti- 
cal preparations which can be used orally include push-fit 
capsules made of gelatin, as well as soft, sealed capsules 
made of gelatin and a plastieizer such as glycerol or sorbitol 
The push-fit capsules can contain the active compounds in 
liquid form that may be mixed with fillers such as lactose, 
binders such as starches, and/or lubricants such as talc or 
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However, it is apparent for one of ordinary skill in the art 
that further compounds with the desired pharmacological 
properties can be prepared In an analogous manner, and that 
the disclosed compounds can also be obtained from different 
starting compounds via different chemical reactions. For 
example, the present invention contemplates certain pro- 
drugs of the above disclosed compounds, wherein R 4 is 
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o o 
II II 

R s — C — or R*— O — C — . 



O O 
II U 
R 3 — C— or RJ—o— C— 



These compounds may be made by acytation or esterifi ca- 
tion of the corresponding hydroxy or amino derivative. 
Similarly, different pharmaceutical compositions may be 
prepared and used with substantially the same result Thus, 
however detailed the foregoing may appear in text, it should 
not be construed as limiting the overall scope hereof; rather, 
the ambit of the present invention is to be governed only by 
the lawful construction of the appended claims. 
We claim: 

1. A method of treating ocular hypertension or glaucoma 
which comprises applying to the eye an amount sufficient to 
treat ocular hypertension or glaucoma of a compound rep- 
resented by the formula V 



15 



20 



wherein R 3 is a lower alkyl radical having from one to six 
carbon atoms; Z is =0 or represents 2 hydrogen radicals; It, 
is =0. —OH or — OCCO)!^; one of Rj and R 2 is =0. 
—OH or a — 0(CO)R« group, and the other one is —OH or 
— 0(CO)R <s , or Rj is =0 and Ra is H, wherein R« is a 
saturated or unsaturated acyclic hydrocarbon group having 
from 1 to about 20 carbon atoms, or — (CH 2 ) J „R 7 wherein m 
is 0-10, and R, is cycloaLkyl radical, having from three to 
seven carbon atoms, or a hydrocarbyl aryl or heteroaryl 
radical having from four to ten carbon atoms wherein the 
heteroatom is selected from the group consisting of nitrogen, 
oxygen and sulfur atoms; or a pharmaceuticaliy-acceptable 
salt thereof, provided however that when Z is =0, then X 
is not —OR*. 

6. The method of claim 5 wherein said compound is 
represented by the formula 




25 



wherein X is a radical selected from the group consisting 
— OR 4 and —N(R 4 ) a wherein R 4 is selected from the group 30 
consisting of hydrogen, a lower alkyl radical having from 
one to six carbon atoms. 




o o 
II II 

R 5 — C — or R 3 — O— C— 



35 



wherein hatched lines indicate the a configuration and solid 
triangles indicate the fj configuration. 

7. The method of claim 6 wherein said compound is 
represented by the formula 



wherein R 5 is a lower alkyl radical having from one to six 
carbon atoms ; Z is =0 or represents 2 hydrogen radicals ; Y 
is Q or trifluoromethyl and the 9- and/or 11- and/or 15 
esters, thereof. 

2. The method of claim 1 wherein Z is =0 and X is 
selected from the group consisting of NH 2 . 

3. The method of claim 1 wherein Z is =0 and X is 
selected from the group consisting of amido radicals. 

4. The method of claim 1 wherein X is selected from the 
group consisting of NH 2 and OCH 3 . 

5. A method of treating ocular hypertension or glaucoma 
which comprises applying to the eye an amount sufficient to 
treat ocular hypertension or glaucoma of the formula 



40 




45 



8. The method of claim 7 wherein said compound is 
represented by the formula 



50 




OH 



OH '"""O 
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wherein the dashed bonds represent a single or double bond 
which can be in the cis or trans configuration, X is a radical 
selected from the group consisting of — OR 4 and — N(R 4 ) 2 
wherein R 4 is selected from the group consisting or ^ 
hydrogen, a lower alkyl radical having from one to six 
carbon atoms. 



and the 9- and/or 11- and/or 15 esters, thereof. 

9. The method of claim 8 wherein Z is =0 and X is 
-N(R 4 ) 2 . 

10. The method of claim 9 wherein said compound is 
selected from the group consisting of 

cyclopentane hcptenamide-5-cis-2-(3a-hydroxy-5- 
phenyl4-trans-pentenyl>3,5-dmydraxy,fl o a & 3 a ,5 a ]; 

cyclopentane N^-dimethylheptenamide-5-cis-2-(3a- 
hydroxy-5-phenyl- l-trans-pentenyl)-3 , 5-dihydroxy, 

cyclopentane N-isopropyl hepteneamide-5-cis-2-(3a- 
hydroxy-5-phenyl-l-trans-peotenyl)-3, 5-dihydroxy, 
[l^p^a^J; 
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cyclopentane N-ethyl heptenamide-5-cis-2-(3a-hydioxy- 
5-phenyl- 1 -trans-pentenyl)-3 , 5-dihydroxy, [l a ^ p 3 a , 
5 J; and 

cyclopentane N- methyl heptenamide-5-cis-2-(3a- 5 
hydroxy-5-phenyl-l-trans-pentenyl)-3, 5-dihydroxy, 
[l a ^3 a ,5J. 

11. A method of treating cardiovascular pulmonary- 
respiratory, gastrointestinal* reproductive and allergic dis- 
eases and shock in a human which comprises administering 10 
to said human an effective amount of a compound of formula 
I 




(0 



A — B 



R 2 



O O 
II II 
R 5 — C— or R 3 — O— C— 



15 



30 



wherein the dashed bonds represent a single or double bond 
which can be in the cis or trans configuration, A is alkylene 
or alkenylcnc radical having from two to six carbon atoms. 25 
which radical may be interrupted by one or more oxide 
radicals and substituted with one or more hydroxy, oxo, 
alkyloxy or alkylcarboxy groups wherein said alkyl radical 
comprises from one to six carbon atoms, or an aryl radical 
selected from the group consisting of hydrocarbyl aryl and 
heteroaryl radicals having from four to ten carbon atoms 
wherein the heteroatom is selected from the group consisting 
of nitrogen, oxygen and sulfur atoms; B is a cycloalkyl 
radical having from three to seven carbon atoms, or an aryl 35 
radical selected from the group consisting of hydrocarbyl 
aryl and heteroaryl radicals having from four to ten carbon 
atoms wherein the heteroatom is selected from the group 
consisting of nitrogen, oxygen and sulfur atoms; X is a 
radical selected from the group consisting of — OR 4 and 40 
— N(R 4 >2 wherein R 4 is selected from the group consisting 
or hydrogen, a lower alkyl radical having from one to six 
carbon atoms. 



wherein R s is a lower alkyl radical having from one to six 
carbon atoms; Z is =0 or represents 2 hydrogen radicals; 
one of Ri and R 2 is =0, —OH or a — (XCOJR* group, and 
the other one is —OH or — O(C0)R$, or Rj is =0 and R^ 
is H, wherein is a saturated or unsaturated acyclic 55 
hydrocarbon group having from 1 to about 20 carbon atoms, 
or — (CH^^lj wherein m is 0-10, and R^ is cycloalkyl 
radical, having from three to seven carbon atoms t or a 
hydrocarbyl aryl or heteroaryl radical, as defined above, or 
a phannaceuticalty-acceptable salt thereof, provided how- 
ever that when B is not substituted with a pendant 
heteroatom-containing radical and Z is =0, then X is not 
— OR 4 . 



60 



12. The method of claim 11 wherein said compound 
represented by the formula (H) 
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OOn 



wherein yisOorl, xisOorl and x+y are not bom 1, Y is 
a radical selected from the group consisting of alkyl, halo, 
nitro* amino, thiol, hydroxy,, alkyloxy, alkylcarboxy and 
halosubstituted alkyl, wherein said alkyl radical comprises 
from one to six carbon atoms, n is 0 or an integer of from 
1 to 3 and R 3 is =0, —OH or — 0(CO)R*. 

13. The method of claim 12 wherein said compound is 
represented by formula m. 



20 




OOn 



wherein hatched lines indicate the a configuration and solid 
triangles indicate the (5 configuration. 

14. The method of claim 13 wherein said compound is 
represented by the formula IV, 




Ri 



I W 



wherein Y 1 is Q or trifluoromethyL 

15. The method of claim 14 wherein said compound is 1 
represented by the formula V 



45 



50 




and the 9- and/or 11- and/or 15 esters, thereof. 

16. The method of claim 15 wherein Z is =0 and X is 
selected from the group consisting of NH 2 or OCH 3 . 

17. The method of claim 15 wherein Y 1 is Q or 
trifluoromethyL Z is =0 and X is selected from the group 
consisting of alkoxy and amido radicals. 

18. The method of claim 11 wherein said compound is 
selected from the group consisting of: 

cyclopentane heptenol-5-cis-2-(3a-hydroxy-5 -phenyl- 1 - 
trans-pentenyl)-3, 5-dihydroxy, [l a ^ p 3 a ^J; 

cyclopentane heptenamide-5-cis-2-(3a-hydroxy-S- 
phenyl-l-trans-pentenyi)-3, 5-dihydroxy, [l a ^ p 3 0 , 
5J; 

cyclopentane N^-dimethylheptenamide-5-cis-2-(3 a- 
hy droxy-5-phenyl- l-trans-pentenyl)-3 , 5-dihydroxy, 
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cyclopentane heptenyl methoxide-5-cis-2-(3a-hydroxy- 
5-riienyl-l-trans-pentenyl)-3, 5-dihydroxy, [l 0 ^ fi 3_, 
5J; 

cyclopentane heptenyl ethoxide-5 -cis-2-(3a-hydroxy-4- 
meta-diloro-phenoxy-l-trans-butenyl)-3, 5-dihydroxy, 5 

[l«*20*3 a *5 a ]t 

cyclopentane heptenylamide-5-ds-2-(3a-hydroxy-4- 
meta-chloro-phenoxy-l-trans-biitenyl)-3, 5-dihydraxy, 
[l a «2p3 a ,5 a ]; 

cyclopentane heptenylajmde-5-tis-2-(3a-hydroxy-4- 
meta-tr ifluoromethy 1-phenoxy- 1 -trans-butenyl)-3 , 
5-dihydroxy, fl a ,2 p 3 a ^J; 

cyclopentane N-isopropyl heptenamide-5-cis-2-(3a- 
hydroxy-5-phenyl-l-trans-pentenyl)-3, 5-dihydroxy, 15 

cyclopentane N-cthyl heptenaraide-5-cis-2-(3a-hydroxy- 
5-phenyl-l-trans-pentenyl)-3, 5-dihydroxy, [l a ^J a , 
5J; 

cyclopentane N-methyl heptenamide-5-cis-2-(3a- 20 
hydroxy-5-phenyl-l-trans-pentenyl)-3, 5-dihydroxy, 

cyclopentane N-methyl heptenamide-5-cis-2-(3ct- 
hydrbxy-5-phenyl- l-trans-pentenyl-3, 5-dihydroxy, 
[la^^J; 



18 



cyclopentane heptenol-5-cis-2-(3cc-hydroxy-4-m- 
chlcrophenoxy-l-traiis-butenyl)-3, 5-dihydroxy, [l a , 
2 p 3 a ,5J; 

cyclopentane heptenamide-5-cis-2-(3a-hydroxy-4-m- 
chlorophenoxy-l-trans-butenyl)-3, 5-dihydroxy, [l n , 
2 p 3 a ,5J and 

cyclopentane heptenol-5-cis-2-(3a-hydroxy-5- 
phenylpentyl)3. 5-dihydroxy. [l a ^ p 3«^J. 

19. The method of claim 17 wherein X is selected from 
the group consisting of NH 2 and OCH 3 . 

20. The method of claim 11 wherein said compound is 
selected from the group consisting of: 

cyclopentane heptenoic acid-5-cis-2-(3cc-hydroxy-4- 
meta-chloro-phenoxy- 1 -trans-butenyl)-3, 5-dihydroxy, 

cyclopentane heptenylamide-5-cis-2-(3a-hydroxy-4- 
meta-chloro-phenoxy- 1 -trans-butenyl)-3, 5-dtfhydroxy, 
[l a ^3 a ,5J; 

cyclopentane heptenylamide-5 -cis-2-(3a-hydroxy-4~ 

meta-trifluoromethyl-phcnoxy- 1- trans -butenyl)-3. 

5-dihydroxy, [l a ,2p3 a »5J; and 
cyclopentane heptenonic acid-5-cis-2-(3a-hydroxy-4- 

meta-trifluoromethylphenoxy-l-trans-butenyl)-3, 

5-dihydroxy, [1 0 ^3 0 ^J. 
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[57] ABSTRACT 

1,3-Benzodioxaneprostanoic acid compound of the for- 
mula 




wherein R\ is hydroxy, alkoxy of 1-10 carbon atoms, 
methylsulfamido, substituted or unsnbstituted aryloxy, 
or O— CHa— U— V wherein U is a direct bond, car- 
bonyl, or carbonyloxy, and V is phenyl of phenyl sub- 
stituted, e.g. by one or more of phenyl, phenoxy, alkoxy 
of 1-2 carbon atoms, and halogen; A is — CH2— CH2 — 
or trans — CH=CH— ; B is — CH2— CH 2 — or cis- or 
trans — CH=CH— ; Z is hydroxymethylene or car- 
bonyl; X— Y, if Z is hydroxymethylene, is 

OH o 
1 . II 

— CH 2 — CH— or — CH 2 — C— , 

or, if Z is carbonyl, is 

— CH 2 —CH— 

OH 

or — CH=CH— ; R2 is hydrogen or alkyl of 1-5 carbon 
atoms; R 3 and R4 each are H, F, a, Br, I or CF3, CH3 
or alkoxy of 1-2 carbon atoms or R3 and Riin 6-,7-posi- 
tion is methylendioxy; and if Rj is hydroxy, salts thereof 
with pharmaceutically acceptable bases, are agents for 
inducing menstruation, interrupting pregnancy, induc- 
ing labor and synchronizing the sexual cycle in female 
mammals. 



76 Claims, No Drawings 
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NOVEL 1,3-BENZODIOXANEPROSTANOIC ACID 
DERIVATIVES AND PROCESS FOR THE 
PREPARATION THEREOF 

This is a continuation or application Scr. No. 888,059, 
filed on Mar. 20, 1978, now abandoned, which is a con- 
tinuation of Ser. No. 800,126, filed, on May 24, 1977, 
now abandoned, which in torn is a continuation of Ser, 
No. 659,130, filed on Feb.. 18, 1976, now abandoned. , 10 

BACKGROUND OF THE INVENTION 



The various effects of prostaglandins in mammalian 
organisms, as well as in vitro, are of brief duration, since 
the prostaglandins are rapidly converted to pharmaco- 15 
logically inactive metabolic products. For example, an 
inactive metabolite is formed by oxidation of the allylic 
hydroxy function at the 15 carbon atom by 15-hydroxy- 
prostaglandin dehydrogenases. 

Therefore, the need to develop prostaglandin analogs 20 
which have a spectrum of activity comparable to that of 
natural prostaglandins, but longer duration and selectiv- 
ity of activity, has been apparent 

1,3-Benzodioxaheprostaglandins surprisingly show a 
longer duration of activity, a higher selectivity and a 25 
higher effectiveness than naturally occurring protaglan- 
dins. 

SUMMARY OF THE INVENTION 

In a compositional aspect, this invention relates to 30 
1 ,3-benzodioxaneprostanoic acid compounds of For- 
mula I 



In another compositional aspect, this invention re- 
lates to novel lactol intermediates of Formula II herein- 
after.;;- -V.. ; ; • • ^ -■.>.:.',■/ 

In another compositional aspect, this invention re- 
lates to a pharmaceutical composition for inducing men- 
struation, interrupting pregnancy, inducing labor or. 
synchronizing the sexual' cycle in female mammals, 
comprising a compound of Formula I or a salt thereof 
with a pharmaceutically acceptable carrier, in admix- 
ture with a pharmaceutic^ly acceptable carrier 

In another aspect, this invention relates to methods of 
using a compound of Formula I or a salt thereof with a 
pharmaceutically acceptable carrier for interrupting 
pregnancy or inducing labor in a pregnant female mam- 
mal or synchronizing the sexual cycle of a sexually 
mature female mammal. 

In another aspect, this -invention relates to a process 
for preparing 1,3-benzodiaxaneprostanoic acids of For- 
mula I, comprising reacting alactol of Formula II 



li 




0R5 



wherein R& R3, R4, and A are as above and Rj and R6 
each are hydrogen or a hydroxy blocking group, with a 
Wittig reagent of Formula III 




35 



Ph 3 P^=CH-(CH2)3-CORi 



in 



OH 



40 



wherein Ri is hydroxy; alkoxy of 1-10 carbon atoms; 
methylsulfamido; substituted or unsubstituted aryloxy; 
or 0—CH2—U—V, wherein U is a direct bond, car- 
bonyl, or carbonyloxy, and V is phenyl or phenyl sub- 45 
stituted, e.g. by one or more phenyl, phenox alkoxy of 
1-2 carbon atoms or halogen. A is — CH2— CHi-^ or 
trans— CH=CH— ; B is — CH2— CH2— or cis- or tran- 
s— CH=CH— ; Z is hydroxymethylene or carbonyl. X 



iY, when 2 is hydroxymethylene, is 

QH o 
I II 
— CH 2 — CH— or — CHi—C— 

or, when Z is carbonyl, is : 

-CH 2 -gH- 



50 



55 



60 



or — CH=CH— ; R2is hydrogen or alkyl of 1-5 carbon 
atoms; R3 and R4 are alike or different and each is H, F, 
CI, Br, I, CF3, CH3, or alkoxy of 1-2 carbon atoms or 
R3 and R4U1 6-,7-position is methylenedioxy; and when 65 
R] is hydroxy, salts thereof with pharmaceutically ac- 
ceptable bases, including both the optical antipodes and 
racemates thereof. 



wherein Ph is phenyl and Rj is as above; 

and, optionally after oxidation of tine 9-hydroxy 
group cleaving of any rernaining hydroxy blocking 
groups; 

and, in any desired sequence, esterifying a free 1 -car- 
boxy; saponifying an esterified 1-carboxy group; and/or 
reducing a 9-keto group and/or hydrogenating a 5,6- 
double bond; and/or hydrogenating a 13,14- and 5,6- 
double bond; and/or dehydrating a 9-keto compound 
and eliminating an 11-hydroxy; and or blocking the 1 1- 
and 15-hydroxy and oxidizing the 9-hydroxy; and/or 
blocking the 9- and 15-hydroxy groups and oxidizing 
the 11-hydroxy; and converting a 1-carboxy compound 
with a base to a pharmaceutically acceptable salt and/or 
separating the reacemates thereof. 

DETAILED DESCRIPTION 

Substituted or unsubstituted Ri aryloxy groups in- 
clude phenoxy, 1-naphthoxy and 2-naphthoxy, each of 
which can be mono-, di- or poly-substituted, e.g., by 1-3 
halogen atoms, phenyl, phenoxy, 1-3 alkyl or alkoxy of 
1-4 carbon atoms, one each of chlpromethyl, fluoro- 
methyl, trifluorpmethyl, carboxy and hydroxy. Pre- 
ferred are chloro, brpmo, trifluoromethyl, phenyl, phe- 
noxy, methoxy. 

Rl alkoxy groups include straight- and branched- 
chain, saturated and unsaturated alkoxy of 1-10 carbon 
atoms. Saturated alkoxy of 1-6 carbon atoms are pre- 
ferred. Examples of Ri alkoxy include methoxy, ethoxy, 
propoxy, butoxy, isobutoxy, tert.-butoxy pentoxy, hex- 
oxy, heptbxy, octoxy, butenyloxy, isobutenyloxy, 
propenyloxy. ' 
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Rl can also be methylsulfamido, i.e., CH3SO2NH — , blocking groups, is effected with the customary oxidiz- 
er — O — CH2 — U — V, i.e., — O— CH 2 — V, — O— CH- fog agents, e.g., with Jones reagent (J. Chem. Soc. 1953, 
2CO— V and — O— CH2COO— V wherein V is, eg., 2555). The reaction is conducted in an excess of the 
p-Cl-phenyl, p-F-phenyl p-Br-phenyl, phenyl, m- oxidizing agent in a suitable diluent, such as acetone, at 
methoxyphenyl, p-phenylphenyl, p-phenoxyphenyl. 5 temperatures of between 0° C, and -50° C, preferably 

Examples of R2 alkyl groups of 1-5 carbon atoms are at -20° C The reaction is generally finished after 5-30 

methyl, ethyl, propyl, isopropyl, butyl, isobutyl and minutes; 

pentyl- Xhe oxidation of the 9-hydroxy group takes place 

Any inorganic or organic base known to those skilled preferably after first blocking the 1 1- and 1 5-hydroxy 

in the art for the production of physiologically compati- 10 groupSj e>fr ; by si i y ] a tion (Chem: Comm. [1972], 1 120). 

ble salts can be employed. Examples are alkali metal 0thef usabIe oxidi2ing agents are silver carbonate on 

hydroxides, such as sodium or potassium Mroxide; .^.^ Qf mixtures of chromium trioxide and pyridine 

alkaline earth hydroxides, such as calcium hydroxide; frctrahedr0Il Otters 1968, 3363). 

ammonia; amines, such as ethanolamine, methanol- ^hydroxy gr0 up is oxidized by the usual oxU 

amine, tnethanolamine, N-methvlelucamine. morpho- is *■ • . . » ' . _ ir 

line, and tris(hydroxymethyl>me"hW^^ etc. * 15 dlzm * ™ th ™* Co * n * 

Compounds of Formula I which are preferred incor- afte f b,ockm 8 the 9- and 15-hydroxy g oups. 

porate one or more of the preferred functions of R,, A, ^^ ct, °" ^f^l ed out , at Wratures of between 

B, Z, X==Y, R 2 , R3 or R4, include the following . C ' and + 20 ^Preferably at -20* G 
compounds, which otherwise correspond to Formula I, 20 . Suitable hydroxy blocking groups R5 and R 6 are 
but wherein: known to those skilled in the art, preferably cyclic a,/?- 

(a) A is — CH2CH2 ; unsaturated ethers, for example, dihydropyran, dihy- 

(b) A is trans CH=CH ; drofuran, and ct-ethoxyethylene; and acyl residues, e.g., 

(c) B is — CH2CH2— , including each of (a)-(b); aromatic and aliphatic organic acid groups, preferably 

(d) B is cis- — CH=CH— , including each of (a)-(b); 25 benzoyl and acetyl. 

(e) B is trans- — CH=CH— , including each of OH blocking groups, e.g., THP and THF ethers, are 
(a)-(b); removed to obtain compounds of Formula 1 by conven- 

(f) Z is hydroxymethylene and X 1 — Y is tional methods in an aqueous solution of an organic 

acid, for example, acetic acid, propionic acid, etc., or in 

OH j 0 an aqueous solution of an inorganic acid, e.g., hydro- 

= chloric acid. To improve solubility, a water-miscible 

— CH2— CH— , mer t organic solvent is advantageously added. Suitable 

organic solvents are alcohols, such as methanol and 

including each of (a)-(e); ethanol, and ethers, such as dimethoxyethane, dioxane, 

(g) Z is hydroxymethylene and X====Y is ^ and tetrahydrofuran. Tetrahydrofuran is preferably 

employed. The hydrolysis is executed preferably at 

o temperatures of between 20* C and 80° C. In case of 

— CH — c— compounds of the prostaglandin E type, the hydrolysis 

is conducted at below 45° C. to avoid the formation of 

including each of faWeV « P rosta S landin A compounds as by-products. 

ru\ v « u 1 \» — v * The acyl groups are split off with alkali metal carbon- 

(n) Z is carbonyl and x== Y is . ° . JT . . , , , , n , cn0 

ates, e.g., potassium carbonate in methanol at 0 -50 C, 

preferably at 25° C. . 

— CH2— CH— , Reduction of the 9-oxo group to obtain a mixture of 

^ 45 epimeric 9-a- and 9-/J-aIcohols is conducted in the usual 

way, preferably in an organic solvent with sodium bor- 

including each of (aWeV ohydride or zinc borohydride. If zinc borohydride is 

(i) Z is carbonyl and X==Y is — CH=CH-, used ' suitable solvents include dimethoxyethane, di- 

inciudingeachof(a)-(e)- cthyl ether ' dioxane > benzene and isopropyl ether. 

© Rl is hydroxy, including each of (a)-(i); 50 When using sodium borohydride, solvents which can be 

(k)Rj is alkoxy of 1-10 carbon atoms, including each are methanol ethanol, isopropanol and n- 

of (a)-(i)- propanol. The thus-formed mixture of epimers is sepa- 

(1) Ri is methoxy and R3 and R4 are H, including each rated b V column or la y er chromatography and/or frac- 

of (a)-{i); and tional crystallization. 

(m) Ri is p-phenylphenacyloxy and R 3 and lUare H ( 55 Dehydration of the 9-oxo compound, wherein the 

including each of (a)-(i). 1 1-hydroxy group and a hydrogen atom for the 10-posi- 

Reaction of lactols II with a Wittig reagent of For- tion ^ 8 P ut off, to form a prostaglandin A derivative 

mula III, produced from the corresponding phospho- can be conducted under conditions generally known to 

mum bromide and methanesulfinylmethylsodium or a person skilled in the art. In general, the dehydration is 

potassium tert.-butylate in the usual way in dimethyl 60 effected in a solution of an organic acid, such as acetic 

sulfoxide, is accomplished at temperatures of 0°-100° acid, or an inorganic acid, such as hydrochloric acid, at 

C, preferably at 20°-80° C, in an aprotic solvent, pref- temperatures of between 20° C. and 80* C. The reaction 
erably dimethyl sulfoxide or dimethylformamide. The is terminated after about 2 to 17 hours. 

Wittig reagent can also be liberated by reaction of The hydrogenation of the 13,14- and/or 5,6-double 

A — Ri— CO— triphenylbutylphosphonium bromide 65 bond is accomplished in a hydrogen atmosphere and in 

with potassium tert-butylate. the presence of a noble metal catalyst. A suitable cata- 

Oxidation of the 9-hydroxy group to the ketone, lyst is, for instance, 10% palladium on charcoal. If the 

which can take place before splitting off the hydroxy hydrogenation is conducted at room temperature, the 
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5,6- and 13,14-double bonds can be saturated. At low 
temperatures, preferably at —80° C. to —10° C, the 
cis-5,6-double bond can be hydrogenated before the 
trans- 13,14-double bond. Selective reduction of the 
cis-5,6-double bond in a compound with a trans- 13, 14- 5 
double bond is also effected using nickel boride or tris(- 
triphenylphosphine)rhodium(I) chloride as catalyst 

In order to prepare the esters of Formula I wherein 
Rj is alkoxy of 1-10 carbon atoms, the 1-carboxy com- 
pounds are reacted conventionally with diazohydrocar- 10 
bons. The esterification with diazo-hydrocarbons takes 
place by mixing a solution of the diazo-hydrocarbon in 
an inert solvent, preferably in diethyl ether, with the 
1-carboxy compound in the same inert solvent or in 
another inert solvent, e.g., methylene chloride. After U 
the reaction is finished (within 1-30 minutes), the sol- 
vent is removed and the ester purified in the usual man- 
ner. 

Diazoalkanes are either known or can be prepared in 
accordance with conventional methods. Org. Reactions 20 
8:389-394(1954). 

To introduce the ester group O—CH2—U—V— for 
Ri, a l-carboxy compound of Formula I is reacted, in 
the presence of a hydrogen halide acceptor, with a 
halogen compound of the formula 25 

Hal— ch 3 — u— v, 
wherein Hal is halogen, preferably bromine; U is a di- 
rect bond, a carbonyl or carbonyloxy, and V is phenyl 
or phenyl substituted e.g. by one ore more phenyl, phe- 30 
noxy, alkoxy of 1-2 carbon atoms or halogen, prefera- 
bly bromine. 

Suitable hydrogen halide acceptors include silver 
oxide, sodium carbonate, potassium carbonate, sodium 
bicarbonate, potassium bicarbonate, or amines, such as 35 
trimethylamine, triethyarnine, tributylamine, trioctyla- 
mine, and pyridine. The reaction with the halogen com- 
pound is accomplished in an inert solvent, preferably in 
acetone, acetonitrile, dimethylacetamide, dimethyl- 
formamide, or dimethyl sulfoxide at temperatures of 40 
—80° C. to 4- 100* C, preferably at room temperature. 

In order to prepare esters of Formula I wherein R 1 is 
a substituted or unsubstituted aryloxy group, the 1-car- 
boxy compounds are reacted with the corresponding 
arylhydroxy compounds and dicydohexylcarbodiimide 45 
in the presence of a suitable base, e.g., pyridine or trieth- 
ylamine, in an inert solvent. Suitable solvents are meth- 
ylene chloride, ethylene chloride, chloroform, ethyl 
acetate, tetrahydrofuran, preferably chloroform. The 
reaction is conducted at temperatures of between —30* 50 
C. and +50° C, preferably at 10 d C 

The saponification of the prostaglandin esters takes 
place according to the methods known to those skilled 
in the art; for example, with potassium hydroxide in 
methanol 55 

The prostaglandin derivatives of Formula I wherein 
Ri is hydroxy can be converted into salts by neutraliza- 
tion with equivalent amounts of the corresponding inor- 
ganic bases. For example, the corresponding PG acid is 
dissolved in water containing the stoichiometric quan- 60 
tity of the base. The solid inorganic salt is obtained after 
evaporation of the water and after adding a water-mis- 
cible solvent, e.g., alcohol or acetone. 

To produce an amine salt, the PG acid is dissolved in 
a suitable solvent, e:g., ethanol, acetone, diethyl ether, 65 
or benzene, and at least a stpichiometric amount of the 
amine is added to the solution. The salt is ordinarily 
obtained as a solid. 



The lactols of Formula II serving as the starting com- 
pounds can be produced by reacting 2-hydroxy-methyl- 
phenols (satigenins) with dihalocarboxylic acids to give 
1,3-benzodioxane 2-carboxylic acids of Formula IV 




rv 



o 

COOH 



The thus-obtained l,3-benzodioxane-2-carboxyUc 
acid is present as the racemate because of the asymmet- 
rical carbon atom in the 2-position. The racemate can be 
separated by salt formation with optically active bases 
into the optical antipodes. The subsequent esterification 
can be conducted with the racemate and/or with the 
enantiomer. The thus-obtained l,3-benzodioxane-2-car- 
boxylic acid ester is reacted with triphenylphosphine 
methylene or a methylphosphonic acid dialkyl ester. 
From the product, a ketone of Formula V below is then 
prepared in a conventional manner by a Wittig and/or 
a Wittig-Horner reaction with an aldehyde (preferably 
in the form of the corresponding antipode) 




The Ct6-diastereomer mixture which may thus have 
been produced can be separated according to the usual 
methods. 

In the presence of noble metal salt catalysts, the keto 
of general Formula V can be hydrogenated, if desired, 
in the 13,14-position (PG numbering) in an inert sol- 
vent, 

The subsequently conducted reduction to the a- and 
/J-Cu-alcohols takes place with sodium borohydride or 
zinc borohydride. The mixture of epimers can be sepa- 
rated according to the customarily known methods. 
After the introduction of hydroxy blocking groups, 
such as, for example, dihydropyran, in position 15 and 
optionally in position 1 1 (PG numbering), the lactone is 
reduced to the desired lactol of general Formula II with 
diisobutylaluminum hydride and/or lithim tri-tert- 
butoxyaluminum hydride. 

The reduction to the lactol of general Formula II can 
also be conducted without blocking groups according 
to a simplified Corey synthesis as described in DOS 
(German Unexamined Laid-Open Application) 
2,328,131 with diisobutylaluminum hydride or lithium 
tri-tert-butoxyaluminum hydride. 

To introduce the hydroxy blocking groups, the 1 1,15- 
diol (PG numbering) is reacted with, for example, dihy- 
dropyran in methylene chloride or chloroform with the 
use of an acidic condensation agent, e.g. p-toluenesul- 
fonic acid. The dihydropyran is used in an excess, pref- 
erably 4 to 10 times the theoretical quantity. The reac- 
tion is normally terminated after 15-30 minutes when' 
conducted at 0" C.-30 B C. 

One possibility for producing the starting compounds 
acetylated in the 1 1 -position is to react the lactol, etheri- 
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fled in the 15-position (PG numbering), with acetic 
anhydride in pyridine. After liberating the lactolhy- 
droxy group, a lactol of general Formula II is obtained. 

The novel prostanoic acid derivatives of general For- 
mula I are valuable pharmaceutical agents, since they 
show, with a similar spectrum of activity, a substantially 
stronger and, in particular, longer lasting effect than the 
corresponding natural prostaglandins. 

The novel prostaglandin analogs of the E, D, and F 
type have a very strong luteolytic effect, i.e., for trig- 
gering luteolysis, at lower doses than the corresponding 
natural prostaglandins. 

When recording the isotonic uterus contraction on 
narcotized rats and on the isolated rat uterus, it is found 
that the compounds of this invention are substantially 
more effective and their activities are of a longer dura- 
tion than in case of the natural prostaglandins, as dem- 
onstrated by the following table, using compounds 1-8 
of this invention as examples, in comparison to the natu 



8 



10 



IS 



As demonstrated by the table, the compounds of this 
invention are of the same abortive effectiveness in doses 
which are 3 to 300 times lower per 1 mg. per animal 
than PG F2a. 

The novel prostanoic acid derivatives are suitable, by 
one-time intrauterine application, for inducing menstru- 
ation or interrupting a pregnancy, They are further- 
more suitable for snychronizing the sexual cycle in 
female mammals, such as cattle, monkeys, pigs, rabbits, 
etc. 

The high dissociation of effectiveness of the com- 
pound according to the present invention manifests 
itself in their effect on other smooth-muscle organs, for 
example, on the guinea pig ileum or on the isolated 
rabbit trachea, where substantially lesser stimulation is 
observed than with natural prostaglandins. 

Active agents of the PG E series according to the 
invention show in vitro, on the isolated rabbit trachea, a 
broncho-dilatory effect and greatly inhibit stomach acid 



ral PG F2a- The investigations were carried out on 20 secretion. The also have a regulating effect on cardiac 
gravid rats according to the usual methods. Thus, « « ■ - - - - 

gravid rats were treated, subcutaneously with the com- 
pounds of this invention. On the ninth day, the animals 
were sacrificed and the uteri examined for points of 
implantation. 

TABLE 



25 



Compound Investigated 



Relative Effect 
POF2a = 1 
on Abortion in 
Rats 





Methyl ester of(5Z,13E> 






(8R.9S, 11 R, 1 2R, 15R)-9, 11,13- 




1 


trihydroxy-lS-CftSM.S- 


300 




bertzodioxan-2-y 1 >- 16, 17, 1 8- 






1 9,20-pcn tanor-prostadien- 






oic acid 






Methyl ester of(5Z.13E). 






(8R,9S,1 lR,12R,15R)-9,n,. 




2 


15-trihydroxy-15-<{2RS}- 
1 ,3-benzod ioxan-2-yl)- 
16,17,18,19,20-pentanor- 
prostadtcnoic acid 
(4-Phenyl)- 

phenacyl ester of (5ZJ3E)- 
(8R,9S,UR.12R,15R)-9,11.- 


30 


3 


15-trihydroxy-I5-({2S}-l,3- 
benzodtoxan-2-yl)- 16,17,18*- 
19,20-pentanor-prostadien- 
oic acid 

(4-Phenyl}-phcnacy| ester of 
(5Z,13EM8R,9S,1 IR.12R,15S> 


30 


4 


9,1 l,15-trihydroxy-15-({2S}- 
l,3-bcnzodioxan-2-yl)-16, 17,- 
18,1 9,20-pentanor-prostadien- 
oic acid 

(5Z. 1 3EM8R.9S. 1 1R, 1 2R, 1 5R> 
9, 1 l,15-Trihydroxy-15-({2R}- 


3 


5 


1 , 3-bcnzodioxan-2-yI)- 16,17- 
1 8, 1 9.20-pentanor-prostadien- 
oic acid 

Methyl ester of(5Z,l3E)- 
(8R,9S,HR,I2R,15R)-9,11,15- 


3 


6 


trihydroxy-15-({2R}-l,3-benzo- 
dioxan-2-yl)- 1 6, 17, 1 8, 19,20- 
pentanor-prostadienoic acid 
Methyl ester of (52,1 3 E)- 
(8R,9S,11R,I2R,I5S).9,I1,15- 


3 


7 


trihydroxy-15-({2RS}-l,3-benzo- 
dioxan-2-yl)-16,17,18,19,20- 
pentanor-prostadienoic acid 
Methyl ester of (5Z,13E)-8R,- 
9S,llR.l2R.15S)-9,11.15-tri- 


10 


8 


hydroxy-15-({2R }-l,3-benzodi- 
oxan.2-yl).16,17.l8,19,20- 
pentanor-prostodienoic acid 


10 



dysrhythmias. The novel compounds of tfce PG A and 
PG E series additionally lower blood pressure and have 
a diuretic effect 

Active agents of the F series have a lower broncho- 
constrictive effect than natural prostaglandin F2 a) 
which is of great advantage for their therapeutic appli- 
cation. 

For medical use, the active agents can be converted 
into a form suitable for inhalation or for oral or paren- 
30 teral application. 

For inhalation purposes, aerosol or spray solutions 
are advantageously prepared. 

Suitable for oral application are, for example, tablets, 
dragees, or capsules. 
35 For parenteral administration, sterile, aqueous or oily 
solutions which can be injected are utilized. 

The invention also relates to medicinal agents com- 
prise compounds of Formula I and customary auxiliary 
agents and carriers. Conventional excipients are phar- 
40 maceutically acceptable organic or inorganic carrier 
substances suitable for parenteral, enteral or topical 
application which do not deleteriously react with the 
active compounds. Suitable pharmaceutically accept- 
able carriers include but are not limited to water, salt 
45 solutions, alcohols, vegetable oils, polyethylene glycols, 
gelatine, lactose, amylose, magnesium stearate, talc, 
silicic acid, viscous paraffin, perfume oil, fatty acid 
monoglycerides and diglycerides, pentaerythritol fatty 
acid esters, hydroxy methylcellulose, polyvinyl pyrrol- 
idone, etc. The pharmaceutical preparations can be 
sterilized and if desired mixed with auxiliary agents, 
e.g., lubricants, preservatives, stabilizers, wetting 
agents, emulsifiers, salts for influencing osmotic wetting 
agents, buffers, or salts for influencing osmotic pressure, 
etc. Sprayable aerosol preparations of compounds of 
Formula I, preferably in combination with a solid or 
liquid inert carrier material, are packaged in a squeeze 
bottle or in admixture with a pressurized volatile, nor- 
mally gaseous propellant, e.g., a freon. 

The active agents of this invention are useful, in con- 
junction with the auxiliary substances known and cus- 
tomary in galenic pharmacy, in preparations for trigger- 
ing abortion, for menstrual cycle control, or for the 
induction of labor. For the latter purpose, sterile, aque- 
ous solutions can be employed containing 0.01-10 
Hg./ml. of the active ingredient and used in the form of 
an intravenous infusion solution. To produce aqueous, 
isotonic solutions, acids and salts of Formula 1 are espe- 



50 



55 



60 



65 
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daily suitable. Alcohols, such as ethanol and propylene • tracted with methylene chloride.. The organic phase 

glycol, can be added to increase solubility. was dried oyer magnesium sulfate, concentrated on a . 

In addition to the compounds of the Examples herein- forced circulation evaporator, and combined at about . 

after, illustrative embcdiments. of the compounds, of io # C with diazomethane solution. After 1 hour of 

Formula I are: Methylsulfamid of 5 agitation at room temperature, the excess diazomethane 

(13EK8^nR,12^13R^xorll,lMihydroxy-15- and tlie solVent'wbre remWed.by means of a water-jet 

V^fo ^l^^ 0 ^ 1 '^^ 0 ^^}' 2 ^ aspirator. The remaining substance was introduced into 

lM7,18 ( 19 ( 20-pentanor-13.prostemoic acid saturated sodium chloride solution, extracted with 

( / P pW^^ y «cx « 1*°?^ U a //« J? 2 ^ methylene chloride, and the organic phase was dried 

8 R £ S ^ 10 with magnesium sulfate, concen^ated, and purified by 

1,3-benzo^ column cj^to^phy on ^ ^ hexanc/ . 

\ (SR,!!*!^ l.S^nzodtoxan^-carboxyhc acid; m.p. 28'-29- C 

l.S-b^nzodioxan-c^hlo^-yl^l^n.lS^^TO-pen- 15 (b) 

tanor-3,13-prostadienoic acid [2-Oxo-2Kl, M>en2^oxan-2^ 

(4-phenyl>phenacylester of (5Z,10Z,13E)- phosphorane 

(8R t 12S,15R)-9-oxo-13-hydroxy-15-({2R}-t,3-ben. " A -. - / : ■ • ■ ' Af% 

zodioxan-6-bromo-2-yl>16,17,18,19 f 20-pentahor. " At **nptntat under an argon atmosphere, 40 

5,10,13-prostatrienoic acid ml. of a 2.52-molar butyllithium solution m hexane was 

methylsulfamid of (SMlR.^R.lSR^-oxo-ll.lS-dihy- ^ded oxopwwe to a suspension of 3?g.of triphenylme- 

droxy-15-({2RS}4 l 3-benzodi(>xan-6,8Khchlo^ thylphosphomum bromide in 250 ml. of absolute ether; 

le.n^S/^^C^pOTtanor-prostanoic acid toe reaction mixture was stirred for 15 hours, likewise 

Without further elaboration, it is believed that one ***** **S™ md at room temperature. A solution of 

skilled in the art can, usingthe preceding description, M 9,78 * of tne methyl ester of i,3-benrodioxane-2-car- 

utilize the present invention to its fullest extent. The boxylic acid in 100 ml. of absolute ether was added 

following preferred specific embodiments are, there- dropwise to the yellow gold solution, and the mixture 

fore, to be construed as merely illustrative, and not was agitated for 1 hour at room temperature. The white 

limitative of the remainder of the disclosure in any way precipitate was then filtered off, dissolved in water, and 

whatsoever. 30 cxtracte d with ether. The organic phase was combined 

example 1 ^ filtl ? tc ' washed with water, dried over magnc- 

r ,'.\ slum sulfate, and evporated to dryness. The residue was 

(5Z,l3EH8R,9S ) llR,1^15R>9,ll,15-Trihydroxy-15- purified by column chromatography on silica gel with 

({2RS}-l,3-benzodioxan-2-yl)-16,17 f 18,19 p 20-pentanor- hexane/2G-100% ethyl acetate and then recrystallized 

prostadienbic Acid and the Methyl Ester Thereof 35 from ethyl acetate. 

General Formula I: A=trans-CH=CH; B=cis- Yield: 12 g., m.p. 95'-98° C. 

CH=CH; '' (c) 

: ' (lS,5R,6R,7R>6-[(E)-3^xc-3-({2RS}-l,3-b«nzomox- 

X-=Y a ch 2 — gH; 2 « OH; an-2-yl)-l-propenyl]-7-benzoyloxy-2-oxabicycIo[3,3,- 

= = . H 40 0]octan-3-one 

c Under an argph atmosphere, 7 g. of (lS,5R,6R,7R)-6- 

^ V formyl-7-ben2pyl0xy-2^>xabicycio[3,^ 

E. J. Corey et al., J. Amer/Chem. Soc. 91 f 5675 (1969), 
Rl =OCH 3 . Ori; R2, R3, R4=H; the OH-group on C-15 « m *.} X \ °* ^o-2<l,3-ben2odioxan-2.yl)- 
is in the o-position. ethylidenej-tnphenylphosphorane were agitated at 

room temperature for 16 hours in 300 ml. of benzene, 
(a) Methyl Ester pf l,3-Benzodioxane-2-carboxylic The reaction mixture was then evaporated to dryness 
Acid under vacuum. The residue was purified by column 

Under ice water cooling, a solution of 12.4 g. of sali- 50 chromatography on silica gel with hexane/20-60% 
genin in 100 ml. of dimethylformamide was added drop- acetate 38 * fl e eluent. Yield: 5 g. of an oil. 

wise to a suspension of 9.6 g. of 50% sodium hydride in / d \ 
100 ml. of dimethytforniamide. The reaction mixture (lS,5R,6R,7R ) 3'R)^[(E)-3-Hydroxy-3-({2RS}-l,3- 

"^^3 •„ « benzodioxan-2-y^ 

Under ice cooling, 9 ml. of dichloroacetic acid was 55 «™k;™>i rt rr \ nw*o« i M » 

introduced into 50 ml of dimethylformamide, A sus- oxabicyclo[3,3,0]octan.3<»ne 

pension of 5.3 g. of 50% strength sodium hydride in 1 50 A solution of 2 g. pf the ketone obtained according to 

ml. of dimethylformamide was added thereto under ice ( c ) m 140 ml. pf absolute dimethoxyethane was com- 

cooling. The sodium hydride can also be added without hmcd with 140 ml. of ethereal zinc borohydride solution 

a solvent.: 60 (preparation: "r^euere Methoden der praeparativen 

This sodium dichloroacetate solution was introduced organischen Chemie" (More Recent Methods of Pre- 

dropwise at room temperature into the first-prepared parative Organic Chemistry), 4: 241, publishers: Verlag 

saligenin disodium solution. The reaction mixture was Chemie) and agitated under argon for 2 hours at room 

agitated at 60' C. for a total of 5 hours, adding pptas- temperature. After dilution, with 100 mL of ether, the 

sium iodide thereto. During the last three hours, the 65 reaction solution was carefully combined with water,' 

dimethylformamide was distilled off with an oil pump. extracted with saturated sodium chloride solution, dried 

The semisolid, brown residue was. acidified with con- oyer magnesium sulfate, and concentrated to dryness 

centrated-aqueous citric acid solution to pH 3 and ex- under vacuum. . The reaction products were separated 
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by column chromatography on silica gel with hex- evaporation was chromatographed on silica gel with 

ane/30-60% ethyl acetate as the eluent. The a-alcohol methylene chloride/4% isopropanol as the eluent, thus 

was eluted as the first product; yield: 0.8 g. obtaining the methyl ester of pro glandin-carboxylic 

^ acid set forth as Example 1. 

(2RS,3aR,4R,5R,^ SS-Io?" ( C -0 25- PHGM 

l l 3-benzodioxan-2-yl)-l-propenyl].5.hydroxyperhy- \VKaZ^ if T«n \7™ Von oon n<n i 

dio6ydopelaam^^ IR: 3400 (broad) ' 173Q ' 1590 ' 1490 ' ?80 ' 750 cxn " " 

General Formula II: A =trans-CH=CH;R2,R3,R4, EXAMPLE 2 

Rs, R6=hydrogen atoms; the OH-group on C-3' is in jo (5Z,13EH8R ( 9S ( llR ( 12R,15S>9,ll l 15-Trihydroxy-15- 

the apposition. ({2RS}l,3-ben2odioxan-2-yl)-16a7 > 18 f 19,20-pentanor- 

Under argon, 5.5 ml. of a 20% solution of prostadienoic acid and the Methyl Ester Thereof 
diisobutylaluminum hydnde m toluene was added to a 

solution, cooled to -60" C, of 550 mg. of the lactone General Formula I: A=trans-CH=CH; B=cis- 

alcohol produced in accordance with (d) in 20 ml. of 15 CH=CH; 
absolute toluene; the mixture was stirred at —60* C. for 

30 minutes, and the reaction was then terminated by the ^pH 

dropwise addition of 2 ml. of isopropanol After adding \ ^ 

20 ml. of water, the mixture was stirred for 15 minutes x Y = CH2_ £ H; Z ^ /°V ; 

at 0° C. f then extracted with ethyl acetate and/or meth- 20 Sh h 
ylene chloride, shaken with saturated sodium chloride 

solution, dried over magnesium sulfate, and concen- Rl== oCH 3) OH; R 2 , R 3 , R4«hydrogen atoms; the OH- 

trated to dryness under vacuum. Yield: 520 mg. of the Qn c _ 15 is in ^ p . posixiQnt 

crude product of the above lactol which was utilized Dufm the reactjon of ( i S ,5R,6R,7R)-6-[(E)-3-oxo-3- 

without further purification for the next stage. 25 ( { 2 RS}-l,3-benzodioxan^ 

(f) zoyloxy-2-oxabicyclo[3,3,0]octan-3-one, described 'in 

(5Z,13E>(8R,9S,llR,12R,15R>9 f ll,15-Trihydroxy-15- Example 1(d), the 0-alcohol was eluted from the col- 

({2RS}-l,3-benzodioxan-2-yl)-16,17,18,19,20-pentanor- umn as the second product: 

prostadienoic Acid , . 

v 30 (a) 

General Formula I: A=trans-CH=CH; B=cis- (lS,5R,6R,7R,3'S)-6-[(E)-3-Hydroxy-3-({2RS}-l f 3-ben- 
CH=CH; zodioxan-2-yl)-l-propenyi]-7-benzoyloxy-2-oxabicy- 

clo[3,3,0]octan-3-one 

\/ H 35 Yidd:0 - 58 ' 

X-==y = CH 2 — gH; Z = C ; (b) 

| H ' \i (2RS,3aR,4R,5R,6aS,3'S)-4-[(E)-3-Hydroxy-3-({2RS}- 

l,3-benzodioxan-2-yl)-l-propenyl]-5-hydroxyperhy- 

Ri=OH; R 2 , R3, R4=H; the OH-group on C-15 is in drocyclopenta[b]furan-2-ol 

the a-position. 40 Gcnera j Formula II: A=trans-CH=CH; R 2 , R3, R4, 

A solution of 3.46 g. of 4.carboxybutyltnphenylphos- Rj| R6==H . the QH-group on C-3' is in the ^-position, 

phomum bromide in 10 ml of absolute dimethyl sulfox- 410 of the 0. a i coho l obtained in accordance with 

ide (DMSO) was combined with 14.98 ml. of a solution (i) was reacted ^ogously to the description of Exam- 

of methanesuWnylme^ylsodium in absolute DMSO le i (e ) with diisobutylaluminum hydride, thus obtain- 

(preparation: 2 g. of 50% sodium hydnde suspension 45 - m f d product, 

was dissolved in 40 ml. of absolute DMSO at 70° C); s s prouueu 

the mixture was agitated for 30 minutes at room temper- (c) 

ature. This solution, a reddish-brown color, was added (5Z,13E)-(8R,9S,llR l 12R,15S)-9,ll,15-Trihydroxy-i5- 

dropwise under water cooling to a solution of 520 mg. ({2RS}-l,3-benzodioxan-2-yl)-16,17, 1 8,19,20-pentanor- 

of the lactol obtained according to (e) in 5 ml. of abso- 50 prostadienoic Acid 

lute DMSO. The reaction mixture was then stirred for 2 . , A +MWO r „ pu , n . 

, , ^ -^.0 ~ j - - , . 4 . Oeneral rormula. I: A=trans-CH=CH; B=cis- 
hours under argon at 50 C, and thereafter most of the c ^ CI j, ' 

DMSO was removed by distillation on an oil pump • 9 
(bath temperature 40*-50* C). The residue was com- 
bined with 50 ml. of ice water and extracted three times 55 ^ H 
with ether. This ether extract was discarded. The aque- x — Y = CH2 — ch ; 2 = ; 
ous phase was acidified to pH 4 with 10% citric acid | ^ \ 
solution, and then extracted four times with an ether/- OH H 
hexane mixture (1:1) and three times with methylene 

chloride. The organic phases were washed with satu- 60 Ri=OH; R 2 , R3, R4=H; the OH-group on C-15 is in 

rated sodium chloride solution, dried over magnesium the /3-position. 

sulfate, and evaporated to dryness. The residue was The 400 mg. of lactol obtained in (b) was reacted 

purified by chromatography on silica gel with methy- without any further purification analogously to the 

lene chloride/ 1-10% ethanol as the eluent. Yield: 310 procedure set forth in Example 1(0 with 2.66 g. of 

mg. 65 4-carbbxybutyltriphenylphosphonium bromide and 

(g) The prostaglandin acid obtained according to (0 11.52 ml. of the methanesulfinylmethylsodium solution 

was dissolved in methylene chloride and esterified with described in that example, 

ethereal diazomethane solution. The residue of the Yield: 220 mg. 
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(d) The prostaglandin acid obtained in accordance 
with (c) was dissolved in methylene chloride and esteri- . ^p H 

fied with ethereal diazoniethane solution. The residue \ ^ 

of the evaporation was chromatographed on silica gel x Y ^ CH2 ~S^ 2 ^' / C v^' ; 

with methylene chloride/4% isopropanol as the eluent, 
thus obtaining the prostaglandincarboxylic acid methyl 

ester set forth as Example 2. . Rj =OH; R2, R3, R4=hydrogen atoms; the OH-group 

Yield: 198 mg. on C-15 is in the a-position. 

[a] J D 23 =-0.8 g (c=0.25; CHCI3) [0 The 450 mg. of lactol obtained in (c) were reacted 

IR: 3400 (broad), 1730, 1590, 1490, 980, 750 cm- 1 . without further purification analogously to the direc- 
EXAMPLE 3 ^ons m Example 1(0 with 3.8 g. of 4<arboxybutyltri- 

phenylphosphonium bromide and 16.5 ml. of the me- 
(5Z43E)K8R ( 9S,llR,12^15R>9,ll,15.Trihydroxy-15- thanesulfinylmethylsodium solution described therein. 
({2R}-l,3-benzodioxan-2-yl)-16 l 17,18,19,20-pentanor- 15 Y i e id- 315 mg 
prostadienoic Acid and the Methyl Ester Thereof (e) ^ ^^^.^ obtained in accordance 

General Formula I: A=trans-CH==CH; B=cis- with (d) was dissolved in methylene chloride and esteri- 
CH=CH; fied with ethereal diazomethane solution. The residue 

20 of the evaporation was chromatographed on silica gel 
^>h with methylene chloride/1-6% isopropanol as the elur 

' \ ent, thus obtaining the methyl ester of the prostaglan- 

x y « CHj |p 2 = ; dto-carboxylic acid set forth as. Examples. Yield: 299 

oh mg. 

25 [a]x7»=-21.2 6 (c=0.4;CHCl 3 ) 
Rl=OCH 3 , OH; R2, R3, R+=H; the OH-group on C-15 IR: 3400 (broad), 1730, 1590, 1490, 980, 750 cm-l; 
is in the a-position. 

EXAMPLE 4 

nc « 71^ ^Tn^irS &) i ^Di 1 7 u_ a- 30 (5Z,13EM8R,9S,llR,12R i 15SW 

({2R}-l,3-ber^oxan-2^^^ 
2-yl).l.propenyl]^^ ^ prostadieaoic Acid ^ Le Metnyl Ester hereof 

™ , « . « ■ • , . * e ' . General Formula I: A=trans-CH=CH; B=cis- 

The compound was obtained in the form of colorless CH— CII 

crystals by benzene/ether crystallization of the oil de- 35 * 

scribed in Example 1(c); m.p.: 129M30 0 C; 

[a]dn= - 147.4° (CHCI3). ■ ^ H 

(b) X=Y = CH 2 — Z = ■ <^ i 

(lS.SR^R.m.S'R^lCEH-HydroxyO-^R}-!^^- 40 Ih ' \ 

zodioxan-2-yl)-l-propenyl]-7-benzoyloxy-2-oxabicy- 

clo[3,3,0]octan-3-one Rin=OCH3» OH; R2, R31 R4=hydrogen atoms; the OH- 

According to Example 1(d), the a-alcohol was ob- S^P on °" 15 is m ^ ^-position, 
tained from 1.5 g. of the ketone obtained according to ^ 0-akohol was eluted from the column as the 
Example 3(a) as the first product of the column chroma- 860011(1 product during the zinc borohydride reduction, 
tography by zinc borohydride reduction. Yield: 0.61 g.; disclosed under 3(b), of (lS,5R f 6R ) 7R)-6-[(E)-3-oxo-3- 
[a]^- - 101.3° (CHCI3). ({2R}-l,3-benzodioxan-2-yl)-l-propenyl]-7-ben- 

zoy]oxy-2-oxabicyclo[3,3,0]octan-3-one (Example 3[a]): 

(c) 

(2RS,3aR,4R,5R,6aS,3'R)-4-[(E)-3-Hydroxy-3-({2R}- 50 ( a ) 

l,3-benzodioxan-2-yl)-l,propenyl]-5-hydroxyperhy- (lS,5R ( 6R,7R,3'S)-6-[(E)-3-Hydroxy-3-({2R}-l,3-ben- 

drocyc!openta[blfuran-2-ol zodioxan-2-yl>l-propenyl]-7-benzoyloxy-2-oxabicy- 

. _ , „ . „_ „ T _ _ _ clo[3,3 f 0]octan-3-one 

General Formula II: A=trans-CH=CH; R 2 , R3, R4, 

R 5 , Re==hydrogen atoms; the OH-group on C-3' is in 55 Yield: 0.41 g.; [a^=~m° (CHCI3). 

the a-position. (b) 

Analogoudy to the directions given in Sample 1(e), (2RS,3aR,4R,5R,6aS,3'SH-[(E)-3-Hydroxy-3-({2R}- 

J!^f- l X ^tained accordmg to (b) is 1) 3. benzodioxan .2. y i).i.p r0 pe ny l]-5-hydroxyperhy- 

reacted with dnsobutylaluminum hydnde, thus obtain- ^ * \ \ Zic * 1 

• .A - . « 60 drocycIopenta[b]furan-2-ol 

ing 450 mg. of a crude product. r 1 . 

General Formula II: A=trans-CH=CH; R2, R3» R*, 

^ R5, Re = hydrogen atoms: the OH-group on C-3' is in 

(5Z,13EH8R ( 9S,llR f 12R J 15R)-9,ll,15-Trihydroxy-15- the ^position 

({2R}-l,3-benzodioxan-^ Following the description of Example 1(e), 410 mg/ 

prostadienoic Acid of the i3-alcohol obtained according to (a) was reacted 

General Formula I: A=trans-GH=CH; B=cis- with diisobutylaluminura hydride, thus obtaining 400 

CH=CH; mg. of a crude product 
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(c) (c) 

(5Z.i3E)-(8R,9S,IlR ( 12R t 15S)-9 l ll ( 15-Trihydroxy-15- (2RS ( 3aR,4R ( 5R l 6aS,3'R>4-[(E).3-Hydroxy-3-({2S}- 

({2R}- 1 , 3-benzodioxan-2-yl)- 1 6, 1 7, 1 8, 19,20-pentanor- 1 ,3-benzodioxan-2-yl)- 1-propenyl] -5-hydroxyperhy- 

prostadienoic Acid 5 drocyclopenta[b]furan-2-oI 

General Formula I: A=trans-CH=CH; B=cis- General Formula II: A =trans-CH=CH; R 2 , R3, R*. 

CH=CH; r J( R6=H; the OH-group on C-3' is in the a-position. 

Analogously to the disclosure in Example 1(e), 800 

^pH 1Q mg. of the a-alcohol obtained according to Example 

T _ \# . 5(b) was reacted with diisobutylaluminum hydride, thus 

H *' / ^ ' producing 750 mg. of a crude product. 
OH H 

(d> 

Ri=OH; R 2( R3, R4=hydrogen atoms; the OH-group J5 (5Z,I3E)-(8R,9S f llR f 12R,15R>9 l ll l 15-Trihydroxy-l5- 

on C-15 is in the /3-position. ({2S}-l,3-benzodioxan-2-yl>l 6^17,18, 19,20-pentanor- 

Analogously to the directions of Example 1(f), the prostadienoic Acid 

400 mg. of lactol obtained in (b) was reacted without General Formula I: A = trans-CH— CH; B=cis- 

any further purification with 2.66 g. of 4-carboxybutyl- CH=CH- 

triphenylphosphonium bromide and 11.52 ml. of the 20 
methanesulfinylmethylsodium solution described 

therein. Yield: 230 mg, N ^ H 

(d) The prostaglandin acid obtained according to (c) x-= ==s Y = CH 2 — CH; z = ; 

was dissolved in methylene chloride and esterified with 1 / ^ 

ethereal diazomethane solution. The residue of the 25 OH H 

evaporation was chromatographed on silica gel with _ . . 

methylene chloride/1-6% isopropanol as the eluent, Ri=OH; R 2 , R3, R4=H; the OH-group on C-15 is in 

thus obtaining the prostaglandin-carboxylic acid methyl thc ^-position. 

ester indicated as Example 4. 711(5 750 m S- of lacto1 obtained in (c) was reacted 

Yield: 212 mg. [aJ^^-46.4 0 (c=0.25; CHCI3). 30 with °ut further purification, analogously to the direc- 

IR: 3400 (broad), 1730, 1590, 1490, 980,750 cm->. tions m Example 1(f), with 5.1 g. of 4-carboxybutyltri- 

phenylphosphonium bromide and 22 ml. of the me- 

EXAMPLE 5 thanesulfmylmethylsodium solution described therein. 

(5Z,13EH8R,9S41R,12R,15R)-9,ll,15-Trihydroxy-15- Yield: 480 mg. 

((2S}-l,3-benzodioxan-2-yl)-16 l l7,18,19,20-pentanor- (e) The prostaglandin acid obtained in accordance 

prostadienoic Acid and the Methyl Ester Thereof with (d) was dissolved in methylene chloride and esteri- 

General Formula I: A=trans-CH==CH; B=cis- f V ed ethereal ^methane solution. The residue 

CH=CH- °* ™ eva P oratlon was chromatographed on silica gel 

40 with hexane/50-95% ethyl acetate as the eluent, thus 

obtaining the prostaglandin-carboxylic acid methyl 

x =y _ ch 2 — |H : Ri « 0CH3, OH; ester indicated as Example 5. 

g H Yield: 450 mg. 

[ato^ + Sl^ (c-0.5; CHCI3) 
R 2 , R3, R4=H; the OH-group on C-15 is in the a-posi- 45 IR: 3400 (broad), 1730, 1590, 1490, 980, 750 cm- 1 . 

tl0n> EXAMPLE 6 

„o , . ~ (a) „ ,r„«o , (5Z ( 13E)-(8R,9S,11R,12R,15S)-9,1 l t 15-Trihydroxy-15- 

(1S,5WR>6^ ({2S}-l,3.benzodioxan-2-yl)-16,l7,18 t 19,20.pentanor- 

2-yl)-l-propenyl].7-benzoyloxy-2.oxabicyclo[3,3,0]oc- 50 prostadie noic Acid and the Methyl Ester Thereof 
tan-3-one 

, .. .. J . ^ , General Formula I: A = trans-CH=CH; B=cis- 

The mother liquor obtained according to Example q^{- 

3(a) was chromatographed by column chromatography * 

on silica gel with hexane/20-50% ethyl acetate as the „ 

eluent. 35 . 

[a]^3=-18.8°(CHCl 3 ). X— Y«CH 2 -gH; Z- N <* ; 

ft) §H / 

(lS,5R f 6R,7R f 3'R)-6-[(E)-3-Hydroxy-3-({2S}-l f 3-ben- 

zodioxan-2-yl)-l-propenyl]-7-benzoyloxy-2-oxabicy- 60 r, =OCH 3 ,OH; R 2 , R3, R4 = H; the OH-group on C-15 

clo[3,3,0]octan-3-one ^ m tne ^.position. 
According to Example 1(d), 3 g. of the ketone ob- During the zinc borohydride reduction, described in 
tained as described in Example 5(a) was used for pro- Example 5(b), of (lS,5R,6R,7R).(6-[(E)-3-oxo-3-({2S}- 
ducing, by zinc borohydride reduction, the d-alcohol as 65 li3-benzodioxan-2-yl)-l-propenyl]-7-benzoyloxy-2- 
the first product isolated by repeated conducted column oxabicyclo[3,3,0]-octan-3-one (Example 5[a]), the 0- 
chromatography. alcohol was eluted as the second product from the col- 
Yield: 1.1 g. umn: 
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(lS I 5R I 6R ) 7R l 3 , S)-6-[(E>3-Hydroxy.3-({2SM,3-ben- 
zodioxan-2-yl)-l-propcnyl]-7-bcnzoyloiy-2-oxabicy- 
clo[3,3,0]octan-3-one 

Yield: 0.7 g. 

(2RS,3aR t 4R ( 5R,6aS,3'SH-[(E)-3-Hydroxy-3-({2S}- 
1 ,3-benzodioxan-2-yl}- 1 -propenyl]-5-hydroxyperhy- 
drocyclopenta[b]furan-2-ol 

General Formula II: A = trans-CH=CH; R2, R3, R4, 
Rs, R$=H; the OH-group on C-3' is irf the ^-position. 

600 mg. of the /3-alcohol obtained according to Ex- 
ample 6(a) was reacted in accordance with Example 15 
1(e) with diisobutylaluminum hydride, thus obtaining 
470 mg. of a crude product. 

(c) 

(5Z f 13EH8R,9S,llR,12R ( 15S)-9 f ll f 15-Trihydroxy-15- 
({2S}-l,3-beiizodlbxan-2-yl^l6 ( 17 ) 18,19 > 20-pehtanor- . 20 
prostadienoic Acid 

General Formula I: A = trans-CH=CH; B=cis- 
CH=CH; 



t CH2— C.H; Z. 

Eh 



H 



25 



30 



Ri=OH; R2, Ra, R4=H the Ott-group on C-15 is in 
the ^-position. 

The 470 mg. of lactol obtained in (b) was reacted 
without further , purification analogously to the direc- 
tions given in Example 1(0 with 3.8 g. of 4-carbox- 35 
ybutyltriphenylphpsphonium bromide and 16.3 ml. of 
the methanesulfmylmethylsodium solution disclosed 
therein. 

Yield: 330 mg. 

(d) The prostaglandin acid obtained in accordance 40 
with (c) was converted analogously to Example 5(e) 
into the methyl ester of the prostaglandin-carboxylic 
acid. 

Yield: 290 nig. 

[ab"=+50 B (c=0.5;CHCl 3 ) 45 
IR: 3400 (broad), 1730, 1590, 1490, 980, 750 cm-l. 

EXAMPLE 7 

(5Z,13E)-(8R,llR,12R,15R)-U,15-Dihydroxy-9oxo- 
1 5-({2RS}-l,3-benzodioxan-2-yl> 1 6, 1 7, 1 8, 1 9,20-pen- 50 
tanorprostadienoic Acid and the Methyl Ester Thereof 

General Formula : I: A = trans-CH=CH; B=cis- 
CH=CH; 



55 



Z=C=0; Ri=OCH 3 ,OH; R 2 , R3, R4=H; the OH- 
group on C-15 is in the ^-position. ✓ 60 

(a) 

(lS,5R,6R,7R,3'R)-6-[(E>3-Hydroxy-3-({2RS}.l,3- 
benzodioxan-2-yl)- 1 -propenyl]-7-hydroxy-2roxabicy- 

cioP^OjoctanO-one 6J 

A mixture of 1.97 g. of (lS,5R,6R I 7R,3 # R)-6-[(E)-3- 
hydroxy-({2RS}-l ( 3-benzodioxan-2-yl)-l-propenyl]-7- 
benzoyloxy-2-oxabicyclo[3,3,0]octan-3-one (prepared 



in accordance with Example l[d]) and 622 mg. of potas- 
sium carbonate (anhydrous) in 91 ml. of methanol (abso- 
lute) was agitated at room, temperature for 2 hours 
under argon. The mixture was then poured into 90 ml. 
of 0, 1 N hydrochloric acid and extracted with ethyl 
acetate. The organic phase was . washed with brine, 
dried with magnesium sulfate, and evaporated under 
vacuum. Chromatography of the crude product on 
silica gel (ether/ethyl acetate=7:3) yielded 1.20 g. of a 
colorless oil. 

(b) 

(lS 1 5R ^ 6R,7R ) 3'R)-6-[(E).3-({2RS}-l,3-Benzodioxan-^ 
y\y l-propenylJ-3',7-bis(tetrahydropyranyloxy)-2- 
oxabicyclo[3,3,0]octan-3-one 

At ice bath temperature, 6.1 ml. of freshly distilled 
dihydropyran and 15 mg. of p-toluenesulfonic acid 
were added to a solution of 1.85 g. of the diol obtained 
according to (a) in 50 ml. of methylene chloride; the 
mixture was stirred for 15 minutes at this temperature, 
diluted with methylene chloride, and shaken with so- 
dium carbonate solution. The organic phase was 
washed with water, dried with magnesium sulfate, and 
evaporated under vacuum. After chromatography on 
silica gel (ether), 2.2 g. of the bis(tetrahydropyranyl)e- 
ther was obtained. 

(c) 

(2RS,3aR,4R,5R,6aS,3'R)-4-[(E)-3-({2RS}-l,3-Ben- 

zodioxan-2-yl)-l-propenyI]-3',5-bis(tetrahy- 
dropyranyloxy)perhydrocyclopenta[b]furan-2-oI 

General Formula II: A=trans-CH=€H; R2, R3, 
R4=H; R3, R6=THP; the OTHP-group on C-3' is in 
the a-position. 

Under argon, 22 ml. of a 20% DIB AH solution in 
toluene was added dropwise to a solution of 2.2 g. of the 
lactone obtained according to (b) in 85 ml. of absolute 
toluene, cooled to —70° C, After thirty minutes, the 
reaction was terminated by the dropwise addition of 
isopropanol, and the mixture was stirred for 15 minutes 
at 0° C while adding 30 mi of water. Thereafter, the 
reaction mixture was extracted with ethyl acetate, 
washed with brine, dried with magnesium sulfate, and 
evaporated under vacuum, thus obtaining 2.2 g. of lac- 
tol as a colorless oil. 

(d) 

(5Z, 13E)-(8R,9S,1 1R,12R, 15R)-9-Hydroxy-l 1, 15-bis(- 
tetrahydropyranyloxy)- 1 5-({2RS}- 1 ,3-benzodioxan-2- 
yl)-16, 17, 1 8, 19,20-pentanorprostadienoic Acid 

A solution of 9.5 g. of 4-carboxybutyltriphenylphos- 
phonium bromide in 40 ml. of absolute dimethyl sulfox- 
ide was combined with 34.7 ml of a solution of me- 
thanesulfinylmethylsodium in absolute dimethyl sulfox- 
ide which was added dropwise (solution: 2.5 g. of 50% 
sodium hydride suspension was agitated in 50 ml. of 
absolute dimethyl sulfoxide for 1 hour at 70* C). The 
mixture was stirred for 30 minutes at room temperature. 
This ylid solution was subsequently added dropwise at 
15° C. to a solution of 2.16 g. of the lactol obtained 
according to (c) in 40 ml. of absolute dimethyl sulfoxide 
within 15 minutes; the mixture was then stirred for 2 
hours at 50° C. Thereafter, the solvent was removed by 
distillation under an oil pump vacuum and at 45* C; the 
residue was taken up in 80 ml. of water and extracted 
three times with ether. The organic extract was dis- 
carded. The aqueous phase was acidified with 10% 
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citric acid solution to pH 4-5 and extracted four times 
with a mixture of hexane/ether 1 + 1. The ether/hexane 
extract was washed with brine, dried with magnesium 
sulfate, and evaporated under vacuum. After chromato- 
graphing the residue of the evaporation on silica gel, 
2.48 g. of the acid was eluted with ether as a colorless 
oil. 

(e) 

(5Z,13EK8R,llR,12R,15R>9-Oxo-ll,15-bis(tetrahy- 
dropyranyloxy)-15-({2RS}- l,3-benzodioxan-2-yl)- 
1 6, 1 7, 1 8, 1 9,20-pentanorprostadienoic Acid 

A solution of 2.35 g. of the alcohol obtained accord- 
ing to (d) in 30 ml. of acetone was combined at —20° C. 
with 2.46 ml. of Jones reagent (J.Chem.Soc. 1953, 2555) 
and agitated for 30 minutes at —20* C. Thereafter, 3 ml. 
of isopropyl alcohol was added dropwise to the reac- 
tion mixture and the latter was stirred for 10 minutes at 



X=Y = CH 2 -£H; 

5h 

Z=C=Oj Ri=OCH 3 ,OH; R 2 , R3, R4 = 
group on C- 15 is in the ^-position. 

(a) 



'H; the OH- 



15 



10 (lS,5R,6R,7R,3'S)-6-[(E)-3-Hydroxy-3-({2RS}- 1,3-ben- 
zodioxan-2-y 1)- 1 -propenyl]-7-hydroxy-2-oxabicy- 
clo[3,3,0]octan-3-one 

2.16 g. of (IS,5R,6R,7R,3'S)-6-[(E)-3-hydroxy- 
({2RS}- 1 , 3-benzodioxan-2-yl)- 1 -propenyl]-7-ben- 
zoyloxy^-oxabicyclof^.OfactanO-one prepared ac- 
cording to Example 2[aj) and 687 mg. of anhydrous 
potassium carbonate was agitated for 2.5 hours in 99 ml. 
of methanol, at room temperature. The reaction mixture 
20- E'Vh^dfl^d^e^raAd 's^nZZ » ^ combined with » ml of 0.1 N HC1. agitated 

for 15 minutes, extracted with ethyl acetate, the organic 
phase was shaken with brine, dried, and evaporated 
under vacuum. The crude product was chromato- 



times with water. The organic phase was dried with 
magnesium sulfate and evaporated under vacuum, thus 
obtaining 2. 1 g. of the ketone as a colorless oil. 



25 



30 



(0 

(5Z, 13E)-(8R, 1 1R, 12R, 1 5R)-1 1, 1 5-Dihydroxy-9-oxo- 
1 5-({2RS}- 1 , 3-benzodioxan-2-y 1)- 1 6, 1 7, 1 8, 1 9,20-pen- 
tanorprostadienoic Acid 

General Formula I: A=trans-CH=iCH; B=cis- 
CH=CH; 

X-==Y - CH 2 — £H; 

§H 35 

Z=C=0; Ri=OH; R 2 , R3, R4=H; the OH-group on 
C- 15 is in the a -position. 

2.1 g. of the bis(tetrahydropyranyl)ether obtained 
according to (e) was agitated for 5 hours at 40° C. in 42 
ml. of a mixture consisting of 65 parts of glacial acetic 
acid, 35 parts of water, and 10 parts of tetrahydrofuran. 
Thereafter, the mixture was evaporated to dryness at 
0.1 torr and the crude product was purified by column 
chromatography. With chloroform/ethanol 95+5, 450 
mg. of the E2 derivative was eluted as a colorless oil. 

(g) At ice bath temperature, 7 ml. of an ethereal di- 
azomethane solution was added dropwise to a solution 
of 130 mg. of the acid obtained according to (f) in 4 ml. 
of methylene chloride; the mixture was agitated for 2 
minutes and then evaporated under vacuum. After 
chromatography of the crude product on silica gel 
(ether/dioxane 95:5), 56 mg. of the prostaglandin-car- 
boxylic acid methyl ester set forth as Example 7 was 55 
obtained, in addition to mixed fractions, in the form of 
an oil which was completely uniform according to thin- 
layer chromatography. 

IR: 3400 (broad), 1740, 1730, 1590, 1490, 980, 750 
cm- 1 



EXAMPLE 8 

(5Z, 1 3EM8R, U R, 12R, 1 5S)- 11,1 5-Dihydroxy-9-oxo- 
1 5-({2RS}- 1 , 3-benzodioxan-2-yl)- 1 6, 1 7, 1 8, 1 9,20-pen- 
tanorprostadienoic Acid and the Methyl Ester Thereof 

General Formula I: A=trans-CH=CH; B=cis- 
CH=CH; 



graphed on silica gel, thus obtaining 1.38 g. of the diol 
as a colorless oil. 

<b) 

(lS,5R,6R,7R,3'S)-6-[(E)-3-[{2RS}-l,3-Benzodioxan-2- 
yl)- 1 -propenyl]-3',7-bis(tetrahydropyranyloxy)-2- 
oxabicyclo[3,3,0]octan-3-one 

At ice bath temperature, 4:5 ml. of dihydropyran 
(freshly distilled) and 10 mg. of p-toluenesulfonic acid 
were added to a solution of 1.38 g. of the diol obtained 
according to (a) in 30 ml. of methylene chloride; the 
mixture was stirred for 15 minutes at about 5° C, di- 
luted with methylene chloride, shaken with sodium 
bicarbonate solution, washed with brine, dried with 
magnesium sulfate, and evaporated under vacuum. 
After chroniBtographing the crude product on silica gel 
(ether/hexane 8:2), 1.91 g. of the bis(tetrahy- 
dropyranyl)ether was obtained as a colorless oil. . 

(c) 

(2RS,3aR,4R,5R,6aS,3'S)-4-[(E)-3-({2RS}-l,3-Benzodi- 
oxan-2-yI)-l-propenyl]-3',5-bis(tetrahydropyranyloxy)- 
perhydrocyclopenta[b]furan-2-ol 

General Formula II: A-trans-CH | CH; R2, R3, 
R4=H; R 5 , R 6 =THP; the OTHP-group on 03' is in 
the ^-position. 

Analogously to the directions in Example 7(c), 1.91 g. 
of the lactone produced according to (b) in 75 ml. of 
absolute toluene was reduced with 19 ml. of 
diisobutylaluminum hydride solution (DIBAH solu- 
tion). After working up the reaction mixture as usual, 
1.93 g. of lactol was obtained as a colorless oil. 

(d) 

(5Z, 1 3E)-(8R,9S, 1 1 R, 1 2R, 1 5S)-9-Hydroxy- 1 1 , 1 5-bis(- 
tetrahydropyranyloxy)- 1 5-({2RS}- 1 ,3-benzodioxan-2- 
yl)-16, 17,1 8, 1 9,20-pentanorprostadienoic Acid 

Analogously to the disclosure in Example 7(d), 1.93 
g. of the lactol produced in accordance with (c) in 30 
ml. of absolute DMSO was reacted with an ylene solu- 
65 tion produced from 8.47 g. of 4-carboxybutyltriphenyl- 
phosphonium bromide and 31 ml. of methanesulflnyl- 
methylsodium solution. After the usual work up, the 
crude product was purified by column chromatogra- 



40 



45 



50 



60 



03/03/2003, EAST Version: 1.03.0002 



-Y = CH 2 — CH; 



4,217,360 

21 22 

phy. With ether, 2. 1 g. of the acid was eluted as a color- EXAMPLE 10 
less oil. 

(5Z,13EH8R,llR,12R,15S)-ll,15-Dihydfoxy.9-oxo- 

(c) 15-({2R}-l,3-beiizc>dioxan-2^ 

(5Z,13EH8R,llR,12R,15S)-9-Oxo-ll,15-bis(tetrahy. 5 tanorprostadienoic Acid and the Methyl Ester Thereof 

drop^y^ General Fonnula A=trans<;tt==C H; B^cis- 

16,17,18,19,20-pentanorprostadienoic Acid CH=CH; 

In analogy to the directions, given in Example 7(e), 
2.0S g. of the alcohol obtained according to (d) in 50 ml 10 
of acetone was oxidized with 2. 14 ml. of Joiies reagent 

at —20* C. The mixture was worked up, thus producing OH 
1.84 g. of the ketone as a colorless oil. 

Z=C=O y Ri=OCH 3 , OH; R 2 , R3, R4=H; the OH- 
(0 group on C- 15 is in the ^-position. 
(5Z J 13E)-(8RillR»12R t 15S)-ll,15-Dihydroxy-9-oxo- These compounds are prepared in analogy to Exam- 
15-({2RS}43-ben2X>dioxan-2-yl>l,6,17 t 18 t 19 ( 20-pen- p ies 8(a) (g) from the starting compound produced 
tanorprostadienoic Acid according to Example 4(a). Yield: 510 mg. of pros- 
General Formula I: A=tram-Cft=CH; B=cis- 20 tadienoic -arid- as ,g colorless oil; 70 mg. of the pros- 
CH=CH- tadienoic acid methyl ester (from 100 mg. of the acid). 

IR: 3500-3400, 1740,1730, 1590, 1490, 980, 750 cm~ K 

X-=Y = CH 2 — £H; EXAMPLE 11 

= H 25 (5Z,13EH8R,llR,12R,15RHl»15-Dmyo^pxy-9K>xo 

15-<{2S}-l f 3-benzodioxan-2^ 

Z=C=0; Ri=OH; R2, R3, R4=H the OH-group on tanorprostadienoic Acid and the Methyl Ester Thereof 

C- 15 is in the /3-position. General Fonnula I: A=trans-CH=CH; B=cis- 

Arialogously to the directions in Example 7(f), 1.84 g. 30 CH==CH; 
of the bis(tetrahydropyranyi)ether obtained according 

to (e) was agitated with 18 ml. of the acetic acid/THF x*"Y _ aii _ ai 

mixture. After working up the reaction mixture and ■' 1 ' ' 

chromatographing same on silica gel (chloroform/e- 35 OH 

thanol=95:5), 528 mg. of the E2 derivative was ob- t _ ■ 

tained as a colorless oU. Z— C=0; Ri=OCH3, OH; R2, R3, R4=H; the OH- 

(g) 98 mg. of the prostaglandin acid obtained accord- W*P on 045 * * the <H>Osition. ^ : : 

ingto(0wasc<mvert^^^ ^ 1 compounds are produced analogously to Ex- 

lic acid methyl ester analogously to Example 7(g). 40 7 < a H|> from ^e farting compound prepared 

Yield* 76 me according to Example 5(b). 

tq 'iAfY\ si^s+nA\ : 1 lAn niA uon ^AQn ocn 7<n Yield : 310 mg. of prostadienoic acid as a colorless oil; 

IR: 3400 (broad), 1740, 1730, 1590, 1490, 980, 750 „ _ , . j. -■■ ■ • • . Al _ , iw 

_j 50 mg. of the prostadienoic acid methyl ester (from 120 

cm mg. of the acid). 

EXAMPLE 9 .45 . IR; 3500-3400, 1740, 1730, 1590, 1490, 980, 750cm-* 

(5Z,13EH8R f llR,12R,15R)-ll ( 15-Dihydroxy-9-oxo- EXAMPLE 12 

,,u ^ i! 5 i"?i 2 f?«i 0 on ♦ 5Z,13EH8R,n^l2R,15S)-ll ( 15-Dmydroxy-9K)xo.l5- 

1,3-benzomoxan^ ^ <{toR3-b«w^^ 

tadienoic Add and the Methyl Ester Thereof 50 prostadicnoic Ac i d; ^ d the Methyl Ester Thereof 

General Formula I: A=trans^H=CH; B=cis- General Formula * A=trans-CH=CH; B-cis- 

CH=CH; CH=CH; 

X=-Y = CH2— £H; X-^-Y = CH 2 — GH; 



OH 



OH 



Z=C=0; Ri=OCH 3 ,OH; R 2 , R 3 , R4=H; the OH- ^ z=C=0; Ri=OCH 3 , OH; R 2 , R3, R4=H; the OH- 
group on C- 15 is in the ct-position. group on CMS is in the ^position. 

These compounds are prepared analogously to Ex- . These compounds are prepared in analogy to Exam- 
ample 7(a)-(g) from the starting compound produced p lcs 8(aHg) from the starting compound produced 
according to Example 3(b) Yield: 400 mg. of. pros- according to Example 6(a). 

tadienoic acid as a colorless oil; 60 mg. of the methyl 65 Yield: 410 mg. of prostadienoic acid; 150 mg. of the' 

ester of the prostadienoic acid (produced from 130 mg. prostadienoic acid methyl ester (from 210 mg. of the 

of the acid). acid). 

IR: 3500-3400, 1740, 1730, 1590, 1490,980, 750cm-». IR: 3500-3400, 1740, 1730, 1590, 1490, 980, 750 cm* 1. 
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EXAMPLE 13 (e) 
(*7\jm im pr ism o 11 15 TrifcviWv is (5ZK8R,9S,llR,12RJ5R)-9-Hydroxy-ll,15^ 
//£3i5!^! ' ^ ^ n ;i ;l ;T^n y rahydropyranyloxy)-15-({2RSM F 3-benzodioxan-2-yl). 
({2RSM,3-benzodioxan-2-yl)-16,17,18 J 19,20- P entanor- 16,17,18,19,20^13110^081611010 Acid 

prostenoic Acid and the Methyl Esther Thereof . ^ : ' . , , . . 

1.06 g. of the lactol obtained according to (d) was 
General Formula I: A=CH 2 — CH2; B=cis- converted according to Example 7(d) into 866 mg. of 
CH=CH; the above prostenoic acid. 

IR: 3600-3400, 1710, 1590, 1490, 1100, 760 cm'-l. 



c0H 



10 



x— y « ch 2 -ch : 2 « ; (5Z)-(8R,9S, 1 1R, 15R)-9,1 l,15-Trihydroxy-15-({2RS}. 

g ./ V ' l,3-benzodioxan-2-yl)-16,i7,18 l 19,2b-pentanorpros- 

oh W H tenoic Acid 

t> rt^tf Ati t> n t> TT *l att A** 15 310 mg. of the compound produced in accordance 

R,=OCH3,OH; R 2 , R 3 , R4=H; the OH-group on C-15 ^ (e) ^ agitated £ 9 ml P of a Qf ^ 

is m tne a-position. acid/water/tetrahydrofuran =65:35: 10 for 3 hours at 

(a) 50° C. The mixture was then evaporated to dryness 
(lS,5R,6R,7R,3'R)-6-[3-Hydroxy-3-({2S}-1.3-bcnzodi- „ ^ T vacuunL Chromatograpy on 10 g. of silica gel 

0]octan-3-one m . 360 o_33oo, 1710( 1590( 1490f 760 cm _i ( 

Under a hydrogen atmosphere, 2,3 g. of the a-alcohol (g) At ice bath temperature, 7 ml. of an ethereal di- 

obtained according to Example 1(d) and 230 mg. of azoraethane solution was added dropwise to a solution 

palladium on charcoal (10%) was shaken for 2 hours in 25 of 130 ^ of the obtained according to (0 in 4 ml. 

40 ml. of ethyl acetate. After filtration and evaporation, of . ethylene chloride; the mixture was agitated for 15 

2.3 g. of the above alcohol was obtained as a colorless I fT"**? f ^ 

„ 0 chromatography of the crude product on silica gel 

° in «nn 1™ nift , ™ i Ann, i (methylene chloride/3% isopropanol), 90 mg. of the 

3600 ' 1775 ' mo * 1590 ' 1490 » 770 cm " • 30 prostaglandin-carboxylic acid methyl ester set forth as 

No olefmic protons could be detected in the NMR Example 13 was obtained, 

spectrum. IR: 3600-3300, 1730, 1590, 1490, 760 cm" 1 . 

(b) EXAMPLE 14 
(lS,5R I 6R,7R,3'R).6-t3.Hydroxy.3-({2RS}-l,3-ben- 35 (5Z)-(8R f 9S,llR f 12R,15S).9,ll ( 15.Trihydroxy.l5. 

zodioxan-2.yl)-l-propyl]-7-hydroxy-2-oxabicyclo[33,- ({2RS}.l f 3-ben2odioxan.2-yi)-16,17,18,19,20.pentanor- 

0]octan-3-one prostenoic Acid and the Methyl Ester Thereof 

By treatment according to Example 7(a), 1.34 g. of General Formula I: A=CH 2 — CH2; B=cis- 

the saturated diol was obtained in the form of a colorless 40 CH=CH; 
oil from 2.20 g. of the saturated alcohol obtained in 
accordance with (a). 

IR: 3600 (strong), 1775, 1590, 1490, 760 cm->. ' x y = CH2 _ch : Z = \^ 

<°) 45 m / \i 

lS,5R,6R ( 7R,3'R)-6-[3-({2RS}-l f 3-Benzodioxan-2-yl). 

l-propyl]-3',7-bis(tetrahydropyranyloxy)-2^>xabicy- R l =OCH 3 ,OH; R 2 , R 3 , R4=H; the OH-group on C-15 

clo[3,3,0]octan-3-one is in the ^-position. 

From 1.13 g. of the diol obtained according to (b), (a) 

1.08 g. of the above bis(tetrahydropyranyl)ether was (lS,5R f 6R,7R ) 3'S)-6-[3-Hydroxy-3-({2RSM,3-ben- 

obtained as a colorless oil from dihydropyran analo- zodioxan-2-yl)-l-propyl]-7-benzoyloxy-2-oxabicy- 

gously to Example 7(b) clo[3,3,0]octan-3-one 

IR: 1775, 1590, 1490, 1 100, 760 cm-*. Analogously to Example 13(a), 2.4 g. of the /J-alcohol 

/a\ 55 obtained according to Example 2(a) was hydrogenated 

AP so vDun //™c\ 1 1 t> a- to 2,4 & of the above-mentioned saturated alcohol, 

(2RS,3aR,4R,5R,6aS,3 R)-4-[3-({2RSM,3-Benzodiox- obtained in the form of a colorless oil. 

an-2-yl)-l-propyl]-3,5-bis(tetrahydropyranyloxy)perhy. ir : 3500, 1775, 1720, 1590, 1490, 770 cm~K 



drocyclopenta[b]furan-2-ol 



r> °» ner !lZ on ? da II: A=CH 2 -CH 2 ; R 2 , R 3 , R4=H; 60 (lS,5R,6R,7R,3'S).6-[3-Hydroxy-3-({2RS}-l,3-ben- 

R 5 , R6=THP; the OTHP-group on C-3' is in the a-posi- zodioxan-2-yl)-l-propyl]-7-hydroxy-2-oxabicyclot3,3,- 

Uon - 0]octan-3-one 

i^tnT 0 ^ 6 ? 7°} L ° 6 i 1' °1 thC / b ^ ^ trcatraent with P otas ^ donate according to 

lactol was produced as a colorless oil by the reduction 65 Examplc 7(a)( U9 of thc saturatcd ^ wa$ rod * ced 

of 1.08 g. of the bis(tetrahydropyranyl)ether prepared M a colorless oil from 2.3 g. of the saturated alcohol 

according to (c). obtained according to (a). 

IR* 3600, 1590, 1490/1100, 760 cm~K IR: 3600 (strong), 1775, 1590, 1490, 760 cm->, 
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(c) EXAMPLE 16 

( \ S ' 5 ^ 6 ^ 7 ^;^^ {2 i lS} - 1 ' 3 -^r 8n ^ y,) ' (5ZH8R,9S.llR,12R.15S)-9,n,15.Trihydro X y.l5. 
l-propyl]-3 ^tct^opymiyloxyH^oy. ({2R}-l,3-ben«)dioxan.2-yl>16,17 ( 18 ( 19 ( 20.pentanor. 

clol3,3.0joctan-3-one 5. prostenoic Acid and. the Methyl Ester Thereof 

I^ml.Ofrof^e^ General Formula I: A=CH 2 -CH 2 ; B=ci- 

g. of the above bis(tctrahydropyranyl)ethcr was pro- s— CH=CH: 
duced as a colorless oil with dihydropyran analogously 
to Example 7(b). 

IR:1775, 1590, 1490, 1100, 760 cm~l. 10 



t (d) * =Y = CH 2 -£H; Z= C' ; 

(2RS ( 3aR,4I^3R,6aS l 3'S^[3<{2RS}^ 1h ^\ 

an-2-yl)-l-propyl]^5-bis(tetrahydropyranyloxy)per- 

hydrocyclppenta[b)furan-2-ol 15 Rj =OCH 3 ,OH; R 2j R3, IU=H; the OH-group on C-15 

According to Example 7(c), reduction of 0.74 g. of " j? & ? ^position, 
the bis(tetrahydropyrahyl)ether produced according to w Starfcng^with the ^alcohol obtained according to 
(c) yielded 6.7 g; df the above lactol as a colorless oil Example 4(a), the title compounds were produced anal- 
. IR: 3600, 1590, 1490, 1100, 760 cm- 1 . 20 °8 0usl y to the reaction stages described for Examples 

14(aMg). 

(e) IR (Methyl ester): 3400 (broad), 1730, 1590,1490,760 

(5Z>(8R,9S,llR,12R,15S)-9-Hydroxy-ll,15-bis(tet- cm-*. 
rahydropyranyloxyVlS^RSl-l^-benzodioxan^-yiy BVAMmui' 
16,17, 18,19,20-pentanorprostenoic Acid 2 5 EXAMPLE 17 

According to Example 7(d), 0.7 g. of the lactol ob- <WW^ 
tained as described in (d) was converted into 0.51 g. of ({2S} " U-b^odioxan-2.yl). 16, 17,18, 19,20-pentanor- 
the above prostenoic acid. prostenoic Acid and the Methyl Ester Thereof 

IR: 3600-3400, 1710, 1590, 1490, 1100, 760 cm -1 . General Formula I: A=CH 2 — CH 2 ; B=ci- 

X (f) : 30 s-CH=CH; 

(5ZH8R,9S,1 lR,12R,15S)-9,ll,15-Trihydroxy-15- 

({2RS}-l,3-beiizodioxan-2-yl)-16,17,l8,19,20-pentanor- \ ^ H 

prostenoic Acid 35 x*=y = CH 2 -gH; z = ; 

Analogously to the directions given in Example 13(f), Eu ^ 
219 mg. of the above compound was obtained as a. col- 
orless oil from 345 mg. of the triol obtained according ; R^OCH^OH; R 2 , R3, R4=H; the OH-group on C-15 
to ( e )- is in the a-poshion. 

IR: 3600-3300, 1710, 1590, 1490, 760 cm- V 40 Starting with the alcohol obtained according to 

(g) Analogously to the esterificatidh step described in Example 5(b), the tide compounds were obtained analo- 

Example 13(g), 120 mg. of the acid produced according gously to the reaction stages described for Example 

to (0 yielded 85 mg. of the prostaglandin-carboxylic 13(a)-(g). 

acid methyl ester set forth as Example 14. IR (Methyl ester): 3400 (broad), 1735, 1590, 1490, 760 

IR: 3600-3300, 1730, 1590, 1490, 755 cm-*. 43 cm-1. 

EXAMPLE 15 EXAMPLE 18 

(5Z)-(8R,9S,llR,12R,15R>9 # ll,15-Trihydroxy-15- (5Z)-(8R,9S ( 1^ 
({2R}-l>benzodioxan-2-yl>16,17,l8 ( 19,2(^pentanor- ^ ^S^l^-benzodioxan^yO-l^njS.l^O-pentanor- 
prostenoic Acid and the Methyl Ester Thereof : prostenoic Acid and the Methyl Ester Thereof 

General Formula I':, A-CH 2 — CH 2 ; B=ci- General Formula I:. A=CH 2 — CH 2 ; 'B=ci- 
s— CH=CH; ■ . s-CH=CH; 

X— Y » CH 2 -gH; Z = ; ' • : X-==Y = CH 2 -£H; Z « \^ : - ; 

: . " m /:••■ \ .; ;;'V' \ 

Ri=OCH3,GH; R* R 3 /R4=H; the OH-group on C-15 R|=OCH 3 ,OH; R 2 , R 2f IU=H; the OH-group on C-15 

is in the a-position. [ is in the ^-position/ 

Starting with the a-alcohol obtained according to. Starting with the 0-alcohol produced according to 

Example 3(b), the tide compounds were obtained analo- Exampie 6(a), the title compounds were obtained analo-. 

gously to the reaction stages described for Examples 65 gously to the reaction stages described in Examples' 

13(aMg). 14(a)-(g). 

IR (Methyl ester): 350&-3300, 1730, 1590, 1490, 760 IR (Methyl ester): 3400 (broad), 1735, 1590, 1490, 760 

cm -1 . ,• . *;" .cm-l/v ■. v . 
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EXAMPLE 19 
(5Z>(8R t llR,12R,15R)-ll,15-Dihydroxy-9-oxo-15- 
({2RS}- 1 , 3-benzodioxan-2-y 1)- 1 6, 1 7, 1 8, 19,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A=CH 2 — CH2; 
B=cis=CH=CH; 



28 

(b) 



-Y = CH 2 — CH; 



OH 



10 



15 



20 



25 



Z=>C=0; Ri=OCH3,OH; R 2| R3, IU=H; the OH- 
group on C- 15 is in the a-position. 

(a) 

(5Z)-(8R,llR,12R,15R)-ll,15-Bis(tetrahy- 
dropyranyloxy)-9-oxo-15-({2RS}-l,3-beraodioxan-2- 
yl)-16,17,18,19,20-r*ntanorprostenoic Acid 

Analogously to Example 7(e), 300 mg. of the com- 
pound obtained according to Example 13(e) was con- 
verted by oxidation into the above-mentioned com- 
pound, thus obtaining 210 mg. of the product as a color- 
less oil. 

IR: 3600-3300, 1740, 1710, 1590, 1490, 760 cm" 1 . 
0>) 

(5ZH8R,UR,12R,15R)-ll,15-Dihydroxy-9-oxo-15- 
({2RS}-l,3-benzodioxan-2-yI>16, 1 7, 1 8, 19,20-pentanor- 
prostenoic Acid 

In accordance with Example 7(f)» 150 mg. of the 
compound obtained according to (a) yielded 90 mg. of 35 
the above compound as a colorless oil. 

IR: 3600-3400, 1740, 1710, 1590, 1490, 760 cm" 1 . 

(c) Analogously to Example 7(g), 90 mg. of the acid 
obtained according to (b) yielded 75 mg. of the prosta- 
glandincarboxylic acid methyl ester. 

IR: 3600-3400, 1740, 1730, 1590, 1490, 750 cm-!. 



(5Z>(8R,1 1R,12R,15S)-1 l,15-Dihydroxy-9-oxo-15- 
({2RS}-l,3-ben2odioxan-2-yl)-16,17,l8,19,20-pentanor- 
prostenoic Acid 

According to Example 7(0, 145 mg. of the compound 
produced according to (a) was converted to 80 mg. of 
the above diol. 
IR: 3600-3400, 1740, 1710, 1590, 1490, 755 cm" 1 , 
(c) Analogously to Example 7(g), 80 mg. of the acid 
produced according to (b) yielded 56 mg. of the above- 
mentioned prostaglandin-carboxylic acid methyl ester. 
IR: 360O-34OO, 1740, 1730, 1590, 1490, 755 cm- 1 . 

EXAMPLE 21 

(5Z)-(8R,1 1R,12R,15R)-1 l,15-Dihydroxy-9-oxo-15- 
({2R}-l,3-benzodioxan-2-yl>16 ) 1 7, 18, 19,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A=CH 2 — CH 2 ; B^=ci- 
s— CH=CH; 

X-==-Y = CH 2 — CH; 

§H 



40 



EXAMPLE 20 
(5Z)-(8R,llR,12R,15S)-ll,15-Dihydroxy-9-oxo-15- 
({2RS}- 1 ,3-benzodioxan-2-y 1)- 1 6, 1 7, 1 8, 1 9,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A = CH 2 — CH 2 ; B = ci- 
s— CH=CH; 

X-=Y = CH 2 —gH; 

Sh 

Z=>C=0; Ri=OCH 3 ,OH; R 2 , R 3 , R4=H; the OH- 
group on C- 15 is in the ^-position. 



(a) 



60 



(5Z)-(8R, 1 1 R, 1 2R, 1 5S)- 11,1 5-Bis(tetrahydropyranylox 
y)-9-oxo- 1 5-({2RS}- 1 , 3-benzodioxan-2-y 1)- 
16, 17, 1 8, 19,20-pentanorprostenoic Acid 

By oxidation analogously to Example 7(e), 280 mg. of 
the compound obtained according to Example 14(e) 65 
was converted into the above compound, yielding 180 
mg. as a colorless oil. 

IR: 3600-3300, 1740. 1710, 1590, 1490, 760 cm- 1. 



Z=>C=0; R 1 =OCH 3( OH; R 2 , R3, IU=H; the OH- 
group on C-15 is in the a-position. 

Starting with the derivative of Example 15 corre- 
30 sponding to Example . 13(e), the title compounds were 
obtained analogously to the reaction stages described 
for Examples 19(a)-(c). 

IR (Methyl ester): 3500-3400, 1740, 1730, 1590, 1490, 
750 cm- 1 . 

EXAMPLE 22 

(5Z)-(8R, 1 IR, 12R, 15S)- 1 1, 15-Dihydroxy-9-oxo-15- 
({2R}- 1 ,3-benzodioxan-2-yl)- 16,17,18,1 9,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A=CH 2 — CH 2 ; B=ci- 
s— CH=CH; 

X-=Y - CH 2 — gH; 

Sh 

Z=>C=0; Ri=OCH 3 ,OH; R 2 , R3, R4=H; the OH- 
group on C-15 is in the 0-position. 

Starting with the derivative of Example 16 corre- 
sponding to Example 14(e), the title compounds were 
obtained analogously to the reaction stages described 
for Examples 19(a)-(c). 

IR (Methyl ester): 3600-3400, 1740, 1730, 1590, 1490, 
755 cm- 1 . 

EXAMPLE 23 

(5ZK8R,HR»12R,15R)-ll,15-Dihydroxy-9-oxo-15- 
({2S}- 1 ,3-benzodioxan-2-yl)- 1 6, 17, 1 8, 19,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A=CH 2 — CH 2 ; B=ci- 
s— CH=CH; 

X-=Y = CH 2 — £H; 

5h 



45 



50 



55 
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Z= >C=0; Ri =OCH 3l OH; R 2) R3, R4=H; the OH- 
group on C-15 is in the a-position. 

Starting with the derivative of Example 17 corre- 
sponding to Example 13(e), the title compounds were 
produced in analogy to the reaction stages described for 3 
Examples 19(aHc). 

IR (Methyl ester): 3600-3400, 1740, 1730, 1590, 1490, 
755 cm-*. 



30 

Example 27 



EXAMPLE 24 



10 



(5Z)-{8R,llR > 12R,15S)-ll,15-Dihydroxy.9K)xo-15- 
({2S}-1 ,3-benzodioxan-2-yl>- 1 6, 17,1 8, 19,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A— CH2 — CH2; B^«- 15 
s— CH=CH; 



=ci- 



X-==-Y - CH 2 — £H; 

Sh 



20 



Z=>C=Q; Ri=OCH 3 ,OH; R2, R3, R4=H the OH- 
group on C-15 is in the ^-position. 

Starting with the derivative of Example 18 corre- 25 
sponding to Example 14(e), the title compounds were 
produced in analogy to the reaction stages described for 
Example 19(aHc). 

IR (Methyl ester): 3500-3400, 1740, 1730, 1590, 1490, 
750 cm- 1. 30 

EXAMPLE 25 

(5Z,10Z,13EH8R,12S,15R>15-Hydroxy.9-oxo-15- 
({2RS}-l ) 3-benzodioxah-2-yl)-16,17,18,19,20-pentanor- 
prostatrienoic Acid and the Methyl Ester Thereof 



35 



General Formula I: A = trans— CH=CH; B=ci- 
s-CH=CH; X ==Y=CH=CH; Z= > C=0; 
Rj=OCH 3 ,OH; R 2 , R3, R4=H; the OH-group on C-15 
is in the a-position. 40 

A solution of 88 mg. of (5Z,13EH8R,llR,12R,15Rj- 
li,15^mydroxy-9^xc-15-({2RS}-l,3-benzodioxan-2- 
yl)- 16, 17,18, 19,20-pentanorprostadienoic acid (from 
Example 7[f]) in 6 ml. of 90% acetic acid was stirred for 
19 hours at 60° C. and then evaporated under vacuum. 45 
Chromatography on silica gel (ether/3% dioxane) and 
subsequent etherification of the prostatrienoic acid with 
ethereal diazomethane solution yielded 45 mg. of the 
title compound as an oil having a slightly yellow color- 5Q 
ing. 

IR (Methyl ester): 3600-3300, 1730, 1700, 1590, 1490, 
980, 760 cm- 1 . 



(5Z,10Z t 13EH8R,12jS ) 15R)-15-Hydroxy-9-oxo-15- 
({2R}-l,3-benzodioxan-2-yl)-16,17,18,19,20-pentanor- 
prostatrienoic Acid md the Methyl Ester Thereof 

General Formula I: A — trans — CH=CH; B=ci- 
s-CH=CH; X^=s=Y=CH=CH; Z«>C=0; 
Ri=OCH 3 ,OH; R 2) R3, IU=H; the OH-group on C-15 
is in the a-position. 

According to the directions given in Example 25, the 
title compounds were obtained from the compound 
disclosed in Example 9(f). 

IR (Methyl ester): 3600-3300, 1730, 1700, 1585, 1490, 
980, 760cm-l. 

EXAMPLE 28 

(5Z,10Z I 13E)-(8Ril2S,15S)-15-Hydroxy-9-oxo-15- 
({2R}- 1 ,3-benzodioxan-2-yl)- 16, 17, 1 8, 19,20-pentanor- 
prostatrienoic Acid and the Methyl Ester Thereof 

General Formula I: A = trans— CH^CH; B=ci- 
s— CH=CH; X==Y=Crfc=CH; Z=>C=0; 
Ri=OCH3,OH; R 2 , R3, R4=H; the OH-group on C-15 
is in the j9-position. 

According to the disclosure of Example 25, the title 
compounds were produced from the compound de- 
scribed hi Example 10(f). 

IR (Methyl ester): 360&-3300, 1730, 1700, 1590, 1490; 
980,760cm-l. 

EXAMPLE 29 

(5Z,10Z,13E)-(8R,12S,15R)-15-Hydroxy-9K)xo-15- 
({2S}-l,3-benzodioxan-2-yl> 1 6, 17, 18, 19,20-pentanor- 
prostatrienoic Acid and the Methyl Ester Thereof 

General Formula I: A=trans— CH=CH; B=ci- 
s-CH=CH; X==Y=CH==CH; Z=>C=0; 
Ri =OCH3,OH; R2, R3, R4=H; the OH-group on C-15 
is in the a-positioni 

According to the directions set forth in Example 25, 
the title compounds were produced from the compound 
described in Example 11(f). 

IR(Methyl ester): 3500-3300, 1730, 1700, 1590, 1485, 
980,760 cm- 1 . 

- EXAMPLE 30 

(5Z,10Z,13EH8R,12S,15S)-15.Hydroxy-9-oxo-15- 
({2S}-l,3«benzodioxanr2-yl)- 1 6, 17, 1 8, 1 9,20-pentanor- 
prostatrienoic Acid and' the Methyl Ester Thereof 



General Formula 
s— CH=CH; X = 



I: A = trans— CH^CH; B=ci- 
Y=CH=CH; Z=>C=0; 



EXAMPLE 26 

(5Z,10Z,13E)-(8R,12S,15S>15-Hydroxy-9-oxo-15- 
({2RS}-l,3-benzodioxan-2-yl)-16,17 r 18 > 19,20-pentanor- 
prostatrienoic Acid and the Methyl Ester Thereof 

General Formula I: A=trans— CH=CH; B=ci- 



s— CH=CH; X- 



=Y=CH=CH; Z=>C=0; 



55 



60 



Rl=OCH3,OH; R 2 , R3, R4=H; the OH-group on C-15 
is in the ^-position. 

According to the directions given in Example 25, the 
title compounds were prepared from the compound 65 
described in Example 8(f). 

IR (Methyl ester): 3500-3300, 1730, 1705. 1590, 1490, 
980, 760 cm- 1. 



Ri =OCH3,OH; R 2 , R3, IU=H; the OH-group on C-15 
is in the /^-position. 

According to the directions given in Example 25, the 
title compounds were .produced from the compound 
disclosed in Example -1 2(f). 

IR(Metyhl ester): 3600-3300, 1730, 1700, 1590, 1490, 
980, 760 cm-*. 

EXAMPLE 31 

(13E)-(8R,9S,llR,12R,15R)-9,ll,15-Trihydroxy-15- 
({2RS}-l,3-benzodioxan-2-yl)- 16, 1 7, 18, 1 9,20-pentanor- 
prostenoic Acid and the Methyl Ester Thereof 

General Formula I: A = trans— Ctt=CH; 
B=CH 2 -CH 2 ; 
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: CHj— gfl; Z ' 

Eh 



' V. 



Ri =OCH3,OH; R 2 , Ra, R4=H; the OH-group on C-15 
is in the a-position. 

150 mg. of the compound obtained according to Ex- I0 
ample 1(f) and Example 1(g), respectively, was mixed 
with 15 mg. of 10% palladium on charcoal and stirred 
with 15 ml. of ethyl acetate for 2 hours at —20* C. 
under a hydrogen atmosphere. After filtration, the reac- 
tion mixture was evaporated to dryness under vacuum, is 
thus obtaining 140 mg. of the title compound as a color- 
less oil. 

IR (Methyl ester): 3600-3300, 1730, 1590, 1490, 980, 
760 cm- 1 . . 

The NMR spectrum showed only two olefinic pro- 20 
tons. 

EXAMPLE 32 

Analogously to Example 31, the following com- 
pounds can be produced from the corresponding start- 25 
ing compounds 2(d), 3(e), 4(d), 5(e), 6(d): 
(13EX8R,9S, 1 1R,12R, 15S)-9, 1 1, 1 5-trihydroxy- 15- 

({2RSM,3-benzodioxan-2-yl)- 16, 1 7, 1 8, 1 9,20-pen- 

tanorprostenoic acid and the methyl ester thereof; 
(13E)-(8R,9S, 1 lR,15R)-9, 1 1 ( 15-trihydroxy-15-({2R}- 

1 ,3-benzodioxan-2-yl> 1 6, 17, 1 8, 19,20-pentanorpros- 

tenoic acid and the methyl ester thereof; 
(13E>(8R,9S,UR,15S)-9,ll,15-trihydroxy-15-({2R}- 

1 , 3-benzodioxan-2-yl> 1 6, 1 7, 1 8, 1 9,20-pentanorpros- 35 

tenoic acid and the methyl ester thereof; 
(BEHSR^^llR.lSR^ll^S-trihydroxy-lS-^}- 

1 ,3-benzodioxan-2-yl)- 1 6, 1 7, 1 8, 19,20-pentanorpros- 

tenoic acid and the methyl ester thereof; 
( 1 3EM8R.9S, 1 1 R, 1 5S)-9, 11,1 5-trihydroxy- 1 5-({2S}- 40 

1 ,3-benzodioxan-2-yl)- 16,17,18,1 9,20-pentanorpros- 

tenoic acid and the methyl ester thereof. 



EXAMPLE 34 

(8R,9S,llR,12R,15R)-9,ll t 15-Trihydroxy-15-({2RS}- 
1 ,3-benzodioxan-2-yl)- 16, 1 7, 1 8, 1 9,20-pentanorpros- 
tanoic Acid and the Methyl Ester Thereof 

General Formula I: A=B=CH2— CH2; 



- Y e CH 2 — gH; Z « 

5h 



/ v 
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EXAMPLE 33 

By interposing in the reaction. sequence leading to the 45 
compounds of Examples 7-12 a reduction of com- 
pounds 7(d), 8(d), 9(d), 10(d), 11(d), 12(d) analogously 
to the process described for Example 31, then the fol- 
lowing compounds are obtained: 

(1 3E)-(8R, 1 1R, 12R, 1 5R)-1 1 , 1 5-dihydroxy-9-oxo- 1 5- 50 
({2RS}- 1 , 3-benzodioxan-2-yl)- 1 6, 17, 1 8, 1 9, 20-pen- 
tanorprostenoic acid and the methyl ester thereof; 

(1 3E)-(8R,UR f 12R, 15S)-ll,15-dihydroxy-9-oxo-15- 
({2RS}-l,3-benzodioxan-2-yl)-16,17,18,19,20-pen- 
tanorprostenoic acid and the methyl ester thereof; 

(13E)-(8R,llR,12R,15R)-ll,15-dihydroxy-9-oxb-15- 
({2R}- 1 ,3-benzodioxan-2-yl)- 1 6, 1 7, 1 8, 1 9,20-pen- 
tanorprostenoic acid and the methyl ester thereof; 

(13E)-(8R,llR,12R,15S)-ll,l5-dihydroxy-9-oxo-15- 
({2R}- 1 ,3-benzodioxan-2-yl)- 16, 17, 1 8, 19,20-pen- 
tanorprostenoic acid and the methyl ester thereof; 

(13E)-(8R,1 lR,12R,15R)-ll,15-dihydroxy-9-oxo-15- 
({2S}- 1 ,3-benzodioxan-2-yl> 1 6, 1 7, 1 8, 1 9,20-pentanor- 
prostenoic acid and the methyl ester thereof; 65 

(13EM8R,1 1R,12R,15S)-1 l,15Hdihydroxy-9-oxo-15- 
({2S}-l,3-benzodioxan-2-yI>16, 17, 18, 19,20-pentanor- 
prostenoic acid and the methyl ester thereof. 



Ri=OCH 3 ,OH; R 2 , R3, R4=H; the OH-group on the 
C-15 is in the a-position. 

At room temperature and under a hydrogen atmo- 
sphere, 432 mg. of the ester or acid obtained according 
to Example 1, 45 mg. of palladium on charcoal (10%), 
and 10 ml. of ethyl acetate were shaken until 2 milli- 
moles of hydrogen had been absorbed. Filtration and 
evaporation resulted in 420 mg. of the above compound 
as a colorless oil. 

IR (Methyl ester): 3600-3400, 1730, 1590, 1490, 760 
cm -1 . 

EXAMPLE 35 

Analogously to the process described in Example 34, 
the following derivatives were obtained with the com- 
pounds of Examples 2-6: 

(8R,9S,1 1R,12R,15S)-9,1 1, 1 5-trihydroxy- 15-({2RS}- 

l,3-benzodioxan-2-yl)-16,17,18,19,20-pentanorpros- 

tanoic acid and the methyl ester thereof; 
(8R,9S,llR,12R,15R)-9,ll,15-trihydroxy-15-({2R}-l,3- 

benzodioxan-2-yl)- 1 6, 1 7, 1 8 , 1 9,20-pentanorprostanoic 

acid and the methyl ester thereof; 
(8R,9S,1 IR, 12R,15S)-9,1 1,1 5-trihydroxy- 15-({2R}- 1,3- 

benzodioxan-2-yl)- 1 6, 1 7, 1 8, 1 9,20-peritanorprbstanoic 

acid and the methyl ester thereof; 
(8R,9S,llR,12R,15R)-9,ll,15-trihydroxy.l5-({2S}-l,3- 

benzodioxan-2-yl)- 1 6, 1 7, 1 8, 1 9,20-pentanorprostanoic 

acid and the methyl ester thereof; 
(8R,9S,llR,12R,15S)-9,ll,15-trihydroxy-15-({2S}-l,3. 

benzodioxan-2-yl)- 1 6, 1 7, 1 8, 1 9,20-pentanorprostanoic 

acid and the methyl ester thereof. 

EXAMPLE 36 

(5Z,13E)-(8R,9S,12R,15R)-9,15-Dihydroxy-ll-oxo-15- 
({2R}- l,3-benzodioxan-2-yl)- 1 6, 17, 1 8, 1 9,20-pentanor- 
prostadienoic Acid and the Methyl Ester Thereof 

General Formula I: A = trans — CH=€H; B— ci- 
s— CH=CH; 



\# 

X— Y « CH 2 — C— ; Z ~ C N 



60 



Ri=OCH 3 ,OH; R 2l R3, R4=H; the OH-group on C-15 
is in the a-position. 

(a) 

(lS,5R,6R,7R,3'R)-6-[(E)-3"Tetrahydropyranyloxy-3- 
({2RS}- 1 ,3-benzodioxan-2-yl> 1 -propenyl]-7-ben- 
zoyloxy-2-oxabicyclo[3,3;0]octan-3-one 

At ice bath temperature, 3 ml. of freshly distilled 
dihydropyran and 10 mg. of p-toluenesulfonic acid 
were added to a solution of 2.4 g. of the a-alcohol ob- 
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tuned according to Example 1(d) in 50 ml. of methylene dram hydride suspension was stirred in 50 ml. of DMSO 
chloride; the mature, was agitated for 15 minutes at this for j hour at TO . C) was ^ ^ ^ to m 

phase was washed with water, dried with magh^ium 5 **** m 30 ^ ° f f^ 1 "* dimethyl sulfoxide, and the 
sulfate, and evaporated under vacuum. Yield: 2.8 g. of suture was stirred for 30 minutes at room temperature, 
the product ™ s vlid solution was then added dropwise within 15 

minutes to a solution of 1.5 g. of the lactol obtained 

. ((^MW • ^ tSS^;aSS2■'•' Va,0 ' ,, • :- by ^ 

•. . . ' 1 J . under an oil pump vacuum and at 45* C. The residue 

>jT^? f * e ^ 0f ^ U0t ? bto ^ acrord ^8 was taken up in 70 ml. of water and extracted three 
£ ^°f.^^ v ^Wte (anhydrous) times with ether! The organic extract was discarded. 

at room temperature under argon. The mixture was * A A < . . . ■ . , 

then diluted with ethyl acetate and washed with satu- f nh0 ^ P H « ^ ^acted foi^ times with a mix- 
rated sodium chloride solution so that.the mixture be- e of ^r™- 881 ' 1 " ^ ether/hexane extract 
came neutraLThe organic phase was dried over magne- was w ^ hed with orine, dried oyer magnesium sulfate, 
sium sulfate and evaporated under vacuum, thus obtain- 20 ^ evaporated under vacuum. After chromatography 
ing 1.85 g. of the title compound; . of the residue on silica gel, 1. 1 g. of the title compound 

' ' : was eluted as a colorless oil with ether. 

' (c) • ■■ 

(2RS f 3aR f 4R,5R,6aS,3'R>4-[{E).3-Tetrahy- (g) 

dropyranyloxy-3-({2RS}Tl,3-ben^oxan-2-yl)-l- 2$ (5Z,13E)-(8R,9S,llR,12R,15R)-9,15.Bis(tetrahy- 
propenyl]-5-hydroxy^^ dropyranyloxy>ll-acetoxy-15<{2RS}-l ) 3-r^iizodiox- 
Under argon, 22 ml. cf a 20% DIBAH solution in an-2-yl>16,17,18,19,20-pentanorprostadienoic Acid 

^ ^iS^ A methylene chloride solution of 1.1 g. of the com- 

—70 C, of 1.85 g. of the lactone obtained according to i «u* • <a A /jPV t . . . 

-(b) * MnL of absolute toluene. After 30 minutes,^ 30 £TJ t , » ^ ^>mbmed at ice 

reaction was terminated by the dropwise addition of bath *J"W°« with 2.2 ml. of dihydropyran and 6 

isopropanoi and agitated while adding 30 ml. of water mg ' of P-toluenesulfomc acid and agitated for 15 min- 

for 15 minutes at 0* G. Thereafter, the mixture was u f es 34 temperature. Subsequently the mixture was 

extracted with ethyl acetate, washed with brine, dried diluted with methylene chloride, extracted with sodium 

with magnesium sulfate; and evaporated under vacuum. 35 bicarbonate solution, the organic phase washed with 

Yield: 1.8 g. of the title compound as a colorless oil. water, dried over magnesium sulfate, and concentrated. 

The residue was treated for 15 minutes at 25VC. with a 

■ (2RS,3aR,4R,5R,to ac f dc ^water/THF mixture (5/5/1) and 

dropyranylbxy-3«{2RSM^^^ then mtroduced under agl tatoonmto a soo^umbica^ 

propenyl]-2,5-dwcctoxypernyo^ocyclo^ 40 ate solution and washed neutral. After the organic 

. 2-0I . phase had been concentrated, 1.2 g. of a colorless oil 

i n J «f ^'1.^1 \* • j -,\ was obtained as the product. 

1.0 g. of the lactol obtained according to (c) was 

amtat^at'roomtemperato^ (h) 

acetic anhydride and 25 ml. of pyridine for 8 hours. 45 (5Z,13EK8R,9S,11R I 12R,15R)-9 I 15-Bis(tetrahy- 

?i £ '^^^re 1110 ^ under vacuum, 2.0 dropyranyloxy)-n-hydroxy-15-({2RS}-l,3-ben2odiox- 

g. of the title compound was produced. an-2-yI>16, 17. 1 8, 19,20-pentanorprostadienoic Acid 

i»n <u ^mu.^ i T ^ 1116 L2 g< ° f product o btain ed according to (g) was 

VKb^AR SRMSJ R>4-[(E)-3-Tetrahy- reacted analogously to the directions given in (b) with 

; n£t^^^ 1 potassiumca^ 

proi>enyl]-5-acctoxyr^hydrocyclopen of the title compound. 

2.0 g. of the diacetate obtained according to (d) was 
maintained for 15 minutes at 25° C. in a mixture of 5 ® 
parts of glacial acetic acid, 5 parts of water, and one 55 (5Z,13E)-(8R,9S,12R,15R>9,15-Bis(tetrahy- 
part of tetrahydrofuran, The mixture was then stirred dropyranyloxy)-l l-oxo-l5-({2RS}-l,3-benzodioxan-2- 
into a sodium bicarbonate solution and washed neutral. yl)-16,17,18,19,20-pentanorprostadienoic Acid 

The organic phase was concentrated, and the residue a coi,,r,™ n « „ „e^~ 1 w* • j 
was purified by column chromatography on silica gel JX^Jf*? ? ^T^'^l 
with ether/pentane=l:l. Yield: 1.5 g. of the title com- 60 m *° of acetonc was * ~ 20 C wth 
pound. ^84 ml. of Jones reagent and then agitated for 30 min- 

utes at -20 a C. Thereafter, 1 ml. of isopropanol was 
Vw'nm'/fiD^iiD W$»n o « ^ ■« , added dropwise to the reaction mixture and the latter 

(5Z,13E)-(8R I 9S,11R ) 12R, 5R)-^Hvdroxy-l l-acetoxy- was stirred for 10 minutes at -20° C, then diluted with 

'« ether, and extracted three times with water. The or-' 
2.yl)-16,17,18,19,20-pentanorpros^ • ganic phase was ^ ovef ^ sulfat e and 

26.3 ml. of a solution of methanesulfinyJmethyl- evaporated under vacuum, thus producing 725 mg of 
sodium in absolute DMSO (solution: 2.5 g. of 50% so- the ketone as a colorless oU. 
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filtered, and the precipitate was washed with carbon 

© _ ■ , , tetrachloride. The CCI4/CH2CI2 phase was discarded. 

The solid substance was taken up in ethyl acetate/wa- 

({2RS}-l,3-benzodioxan-2^ tcr> ^ ^ organic phase was separated, dried over 

prostadienoic Acid 5 magnesium su if ate( and evaporated to dryness. The 

650 mg. of the bis(tetrahydropyranyl)ether produced residue was recrystallized from methylene chloride, 

according to (i) was agitated for 6 hours at 50* C. in 15 thus obtaining colorless crystal flakes (24 g.). Melting 

ml. of a mixture consisting of 65 parts of glacial acetic point;. iO7 c -109° C. (methylene chloride), 
acid, 35 parts of water, and 10 parts of tetrahydrofuran. 

Thereafter, the mixture was evaporated to dryness at 10 (*>) l,3-Benzodioxane-6-bromo-2-carboxylic Acid 

0.1 torr, and the crude product was purified by column Methyl Ester 

chromatography. With methylene chloride/5-8% etna- Under ice water cooling, a solution of 20.3 g. of the 

nol 280 rag. of the title compound was eluted. 5-bromo-2-hydroxybenzyl alcohol obtained according 

(k) At ice bath temperature, 7 ml. of an ethereal di- to (a) in { l0 ^ 0 f dimethylformamide was added drop- 

azomethane solution was added dropwise to a so ution 15 wise t0 a suspens i 0 n of 9.6 g. of 50% sodium hydride in 

of 140 mg. of the acid obtained according to 0) in 10 ml 100 ral of dimethylformamide. The reaction mixture 

of methylene chloride. The mixture was agitated for 10 was stirred overaight at room temperature. Thereafter, 

minutes and then evaporated under vacuum. Chroma- g ^ ^ of dichloroacetic acid was added dropwise 

tography o the crude product on sdica gel with ether/- ice ^ . m ml of dimethylformamide( 

dioxane=95/5 as he eluent yielded 80 mg * ^ pr* 20 Under further j^^^ 5.04 g . of 50% sodium hy- 

JlfilSd^S^to'ff dride was then added to the reaction mixture in mere- 

m IR^5fj£33^17«, 1730, 1590, 1485, 980, 760 cm- 1. mental portions. This sodium dichloroacetate solution 

was agitated for 30 minutes at room temperature and 
EXAMPLE 37 then introduced dropwise into the first-prepared 
Analogously to the process described in Example 36, bromosaligenin disodium solution. After the addition of 
the following derivatives were produced, starting with ^ & P f sodium iodide, the reaction mixture was agi- 
the compounds of Examples 2(a), 3(b), 4(a), 5(b), and taM for 4.5 hours at 60 C; during the last 2.3 hours 
g( a ) ; the largest part of the dimethylformamide was distilled 
(5Z,13E)-(8R,9S,12R,15S)-9,15-dihydroxy-ll-oxo-l5- 30 off under vacuum during this procedure. After cooling, 
({2RS}-l,3-benzodioxan-2-yl>16 t 17,18,19,20-pen- the residue was acidified to pH 3 with aqueous citric 
tanorprostadienoic acid and the methyl ester thereof; acid solution, then saturated with sodium chloride, and 
(5Z,13E)-(8R,9S,12R,15R)-9 I 15-dihydroxy-ll-oxo-15- extracted repeatedly with methylene chloride. The 
({2R}- l,3-benzodioxan-2-yl)- 1 6, 1 7, 1 8, 1 9,20-pen- organic phase was dried over magnesium sulfate, con- 
tanorprostadienoic acid and the methyl ester thereof; 35 centrated with the aid of a forced-circulation evapora- 
(5Z,13E)-(8R,9S,12R,15S)-9,15-dihydroxy-ll-oxo-15- tor, and combined at 0* C. with ethereal diazomethane 
({2R}-l,3-benzodioxan-2-yl)-16,17,18, 19,20-pen- solution until there was no longer any evolution of gas, 
tanorprostadienoic acid and the methyl ester thereof; and the reaction solution assumed permanently a yellow 
(5Z,13E)-(8R,9S,12R,15R)-9,15-dihydroxy-ll-oxo-15- coloring. The solvent was removed after stirring for 
({2S}-l,3-benzodioxan-2-yl)-16, 17,18, 19,20-pentanor- ^ one-half hour at room temperature under vacuum, to- 
prostadienoic acid and the methyl ester thereof; gether with excess diazomethane. The remaining, light- 
(5Z,13E>(8R,9S,12R,15S)-9 ( 15-dihydroxy-ll-oxo-15- colored crystalline slurry was purified by column enro- 
ls}- l,3-berizodioxan-2-yl)- 16, 17,18, 19,20-pente^^ matography on silica gel with methylene chloride or 
prostadienoic acid and the methyl ester thereof. hexane/10% ethyl acetate as the eluent 

EXAMPLE 38 45 Yield: S» m -P- 120 ° c * (matted, small needles of 

methylene chloride/hexane). 

(5Z, 1 3E)-(8R,9S, 1 1 R, 1 2R, 1 5R)-9, 1 1 , 1 5-Trihydroxy- 1 5- 

({2RS}- 1 ,3-benzodioxane-6-brom-2-yl)- 1 6, 1 7, 1 8, 19,20- (c) 

pentanorprostadienoic Acid and the Methyl Ester t2-Oxo-2-(l,3-benzodioxane-6-brom-2-yl)-ethylidene]- 

Thereof 50 triphenylphosphorane 

General Formula I: A=trans— CH=CH; B=ci- Under ice cooling and under an argon atmosphere, 

s cn=CH; * 1 5 -63 ml. of a 2. 1 5-moIar butyllithium solution in hexane 

* was added dropwise to a suspension of 13 g. of tri- 

phenylmethylphosphonium bromide (4 hours of drying 

X y = ch 2 |H ; 53 at40 « c with the use ofan oil pump) in 85 ml. ofabso- 

5h lute ether. The mixture was then agitated for 15 hours at 

room temperature. The yellow ylene solution was com- 
Rl=OCH3,OH: R2, R4=H; Rs=Br (in the p-position bined dropwise with 4.59 g. of the l,3-benzodioxane-6- 
with respect to the phenolic oxygen); the OH-group on bromo-2-carboxylic acid methyl ester obtained accord- 
ed- 15 is in the a-position. 60 ing to (b) in 75 ml. of absolute benzene, and the mixture 

was stirred for 1 hour at room temperature. The white 

(a) 5-Bromo-2-hydroxybenzyl Alcohol precipitate was filtered off, dissolved in water, and 

At 0°-5 9 C, 1 1.5 ml. of bromine in 100 ml. of carbon extracted with ether. The organic phase was combined 

tetrachloride was added dropwise to a suspension of with the filtrate, washed with water, dried over magne- 

24.8 g. of saligenin and 24 g. of calcium carbonate in a 65 sium sulfate, and concentrated to dryness. The residue 

solvent mixture of 200 ml. of carbon tetrachloride and was purified by column chromatography on silica gel 

220 ml. of methylene chloride. The reaction mixture with hexane/20-100% ethyl acetate. Yield; 5.6 g. 

was stirred for 24 hours at room temperature, then Melting point: 172*- 174° C. (ethyl acetate). 
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The further reaction steps were conducted analo- ' 
gously to the directions in l(cHg). 

Analogously, all other prostaglandin acids and esters \^ 
described in the present examples can also be converted ..- x=-Y - CH2— gH; z = d> j 
into the derivatives corresponding to Example 38. 5 . = H ' > H 

EXAMPLE 39 / v / y 

(S^nEHg^^llR.nRaSR^lUlSTrmydroxy-lS. Ri ± O-c^-co-Zr^) Y-( 

({iRSM^benzodioxan^.ylHe^TaSJWpentanor- \ / \ / 

prostadienoic Acid (4-Phcnyl)-phenacyl Ester ^ 

General Formula I: A = trans— CH=CH; B=ci- R2, Ra» R4=H; the OH-group on C-15 is in the a-posi- 
s— CH=CH; tion. * 

130 mg. of the prostadienoic acid obtained according 
,pH 15 to Example 5(d) were reacted analogously to Example 

\ ^ 39, thus obtaining 85 mg. of the title compound as color- 

x— Y = CH 2 -grcz== ■ & ; less crystals. 

g H \ Melting point: 79* C.^80* C. 

IR: 3430, 1745, 1695, 1585, 1225, 1030, 760, 750, 720 
20 cm- 1 . 

EXAMPLE 42 




Rl .0-CH 2 -C0-(OV(O 



Rl = O—CH2— < 




(5Z,l3EM8R f 9S,l;^ 

R2, R3, R4=H; the OH-group on C-15 is in the a-posi- ({2S}4,3.benzodioxan-2-yl)-16,17,18 ( 19,20-pentanor- 
tion. 25 prostadienoic Acid (4-Phenyl)-phenacyl Ester 

At room temperature, 75 mg. of the prostadienoic General Formula I: A=trans— CH=CH; B=ci- 
acid obtained according to Example 1(0 was agitated s— CHfc=CH* 
with 21 mg. of triemylamine and 53 mg. of p-phenyl- * ; / 

phenacyl bromide in 4 ml. of acetone for 12 hours under 
an argon atmosphere. After dilution with water, the 

reaction mixture was extracted with ether, the ether x-=Y « CH2— CH; z « 

extract shaken with NaQ solution, dried over magne- H 
sium sulfate, and evaporated under vacuum. The resi- OH 
due was filtered over 5 g. of silica gel with ether/dioxan 35 
mixtures. Recrystallization from methylene chloride/- 
hexane yielded 55 mg. of the title compound in the form 
of colorless crystals. 

Melting point: 118* C. « « „ '■ ' ' „ . 

IR: 3600, 1740, 1695, 1590, 1490, 980, 750 cm-». 40 Kl > R4 " Hi &e P^group on C-15 is in the 0-posi- 
In analogy to Example 39, all other prostaglandin ^f* .« 
acids described in the above examples can be likewise ^ m S- of prostadienoic acid obtained according 
converted to the corresponding phenacyl esters. £ Example 6(c) was reacted analogously to Example 

39; thus producing 115 nig. of the title compound m the 
EXAMPLE 40 form of colorless crystals; m.p. 60* C. 

Tris(hydroxymethyl)aminomethaneSaltof IR: 3440, 1740, 1700, 1590, 1240, 1030, 760, 725 cm -1 . 

(5Z,13E)-(8R,9S,llR,12R,15R)-9,ll,15-Trihydroxy-15. ^ preceding examples can be repeated with similar 
({2RS}-l l 3-beiizoa^oxan-2-yI>16,17,18,19,20-rjentanor- success by substituting the generically and specifically 
prostadienoic Acid described reactants and/or operating conditions of this 

A ,, Ae - . ^ - *- ft , . . - ' «n invention for those used in the preceding examples, 

♦hi • ^•^" t «f ^"W-^ tns(hydrojcyme. 50 From ^ forcg oini description, one^ed in the art 
^ "r * °f can «««tial characteristics of this 

™X?,n ? S^TT? 0 ^•E?*5 d tavention . depart^ *e spirit and 

accordmg to Example 1(f) m 14 ml. of acetomtnle. The ^ make various changes and modifflca- 

mixture was allowed to stand at room temperature for 7. ' . " " ' 8 . a 
14 hours, thus obtaining 76 mg. of the above salt as 55 t.ons of the mvention to adapt it to vanous usages and 

colorless crystals. ooogtetaom... 

Analogously to Example 40, aU other prostaglandin , * .Vi™" j * 8 ' . • •.. 

acids described in the above examples can likewise be J~ A U-benzod^xajieprostanoic acid compound of 

converted into the corresponding tris(hydroxymethyl- e ormu,a 
)aminomethane salts. 



60 



EXAMPLE 41 /S^B-. X; 

(5Z f 13EH8R,9S,llR,12R,15R>9,ll,l5-Trihydroxy-15- x I ° ^fWT 

({2S}- 1 , 3-benzodioxan-2-yl)»16, 1 7, 1 8, 19,20-pentanor-. ^, ^v^S.* k NL l (_) ] 

prostadienoic Acid (4-Phenyl)-phenacyl Ester . ^^^^ O ^V^X 

General Formula I: A=trans— CH==CH; B=ci- OH 
s— CH=CH; 
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wherein Ri is (a) hydroxy, (b) alkoxy of 1-10 carbon 13. A compound of claim 1, wherein Ri is methoxy 
atoms, (c) methylsulfamido, (d) phenoxy, (e) 1- or 2- and R3 and R4 are H, 

naphthoxy, (0 phenoxy or 1- or 2-naphthoxy substituted 14. A compound of claim 1, wherein Ri is p-phenyl- 
by 1-3 halogen atoms, phenyl, phenoxy, 1-3 alkyl or phenacyloxy and R^and R4are H. 
alkoxy groups of 1-4 carbon atoms each or one each of 5 15. (SZJSEHSR^llRJlR^lSRV^ll.lS.Trihy. 
chloromethyl, fluoromethyl, trifluoromethyl, carboxy droxy-15-({2RS}-l,3-benzodioxan-2.yl).16 i 17,18 f 19,20- 
or hydroxy or (g) O— CH2—U— V, wherein U is a pentandrprostadienoic acid, a compound of claim 1. 
direct bond, carbonyl or carbonyloxy, and V is phenyl 16. (5Z,13E)-(8R,9S,1 1R,12R,15S)-9,1 1,15-Trihy- 
or phenyl substituted by one or more of phenyl, phe- droxy-15-({2RS}-l,3-benzodioxan-2-yl)-16J7,18,19,20- 
noxy, alkoxy of 1-2 carbon atoms or halogen; 10 pentanorprostadienoic acid, a compound of claim 1. 

Ais-CH 2 -CH 2 ortrans-CH=CH-; 17. (5Z,13E)-(8R,9S,llR,12R,15R)-9 f ll,15.Trihy- 

B is — CH2-CH2- or cis- or trans-CH=CH«; droxy-15-({2R}-l,3.ben2odioxan-2-yl)-16,17,18,19 ( 20- 
Z is hydroxymethylene or carbonyl; . pentanorprostadienoic acid, a compound of claim 1. 

x — =Y,ifZ is hydroxymethylene is 18. (5Z F 13E)-(8R > 9S l HR f 12R t l5S).9 l ll l 15-Trihy- 

15 droxy-15-({2RM,3-ben2odioxan-2-yl>16,17,18,19,20- 
Op o pentanorprostadienoic acid, a compound of claim 1. 

_ CH1 JI„_ nr _ r „ _|L 19 (5Z,l3EH8R,9S,l lR,l2R,l5R)-9,l 1,15-Trihy- 

or CH2 C droxy-l5-({2SM,3.ben2odioxan-2-yl)-l6,l7,l8,I9,20- 
•r r, . . , . ^ pentanorprostadienoic acid, a compound of claim 1. 

or, if Z« carbonyl, ,s 20 20 (5 Z,13EH8R,9S,llR,12R,15S)-9,ll,15.Trihy. 

droxy- 1 5-({2S}-l ,3-benzodioxan-2-yl)- 1 6, 17, 1 8, 1 9,20- 
— CH 2 — £H pentanorprostadienoic acid, a compound of claim 1. 

=„ 21. (5Z,13E)-(8R,llR,12R,15R)-ll t 15-Dihydroxy-9- 

25 oxo-lS-^RS^l^-benzodibxan^-ylMe.n.lSjg^O- 
pir prj pentanorprostadienoic acid, a compound of claim 1. 

R 2 is hydrogen or alkyl of 1-5 carbon atoms; ox ? 15 SJ? V! ^l^^nf^SlSS* 
Rj and R4 each are H, F, CI, Br, I, CF 3 , CH 3 , or ^^HWRSJ-U-benzodioxan^.yO-ie.n 18,19,20- 

alkoxy of 1-2 carbon atoms or R 3 andR^. P T? 5 TnFm R ° n^nR iT^n^r *' o 
7-position is methylendioxy; and, when R, is hy- 30 J* .S?^ 11 *. 12 *' 1 ?* ffi^jSS 1 ^ 
droxy, salts thereof with pharmaceutical^ accept- ^; 15 -Ct2R}-U^nzodioxan-2- y l)-16,17,18. 9,20- 
able bases pentanorprostadienoic acid, a compound of claim 1. 

2. A compound of claim 1, wherein A is -CH 2 C * U^lf}^^ 8 XliiFfgZF* 
H 2 _ * oxo-15*(12R.}-l,3-benzodioxan-2-yl)-16,17 f 18,19,20- 

3. A compound of claim 1, wherein A is trans- 35 ^''T^^^i^ n-^T *' o 
CH=CH— (5Z,13E)-(8R,llR,12R,15R)-U,15-Dihydroxy-9- 

4. A compound, of claim 1, wherein B is -CH 2 C- f*°-15<{2S}-1.3-benzodioxan-2-yl)-16,17,18 19.20-pen- 

jj tanorprostadienoic acid, a compound of claim 1. 

^Acompoundofclaim!, wherein B is cis-CH = - ^ JZuffigSH^ 

^compound of claim wherein B is trans- '^T^S^lS^lilfSA^ 

7. A compound of claim 1, wherein Z is hydrox- 15-({2RS}-l,3-benzodioxan-2-yl)-16,17 18,19,20-pcn- 

vmi-thvlern" anH v vr ; c . tanorprostenoic acid, a compound of claim 1. 

ymethyleneandX Y is ^ ^ (5Z).(8R,9S,llR,12R,15S).9,ll ( 15-Trihydroxy- 

15K{2RS}4 > 3-benzodioxan-2-yl)-16 t 17,18 > 19 ) 20-pen- 
= tanorprostenoic acid, a compound of claim 1. 

-CH2-CH-. 29. (5Z)-(8R,9S,llR,12R ) 15R>9,ll,15-Trihydroxy- 

^-({iRj-l.S-benzodioxan^-yO-l^l^lS.ig^O-pen- 

8. A compound of claim 1, wherein Z is hydrox- 50 tanorprostenoic acid, a compound of claim 1. 
ymethylene and X Y is 30 - (5Z)-(8R,9S,llR;i2R,i5S)-9,ll,15.Trihydroxy- 

15-({2R}-1 ,3-benzodioxan-2-yl)- 1 6, 17, 1 8, 1 9,20-pen- 

0 tanorprostenoic acid, a compound of claim 1. 

|| 31. (5ZH8R f 9S,llR,12R 1 15R).9 f ll,15-Trihydroxy- 

-CH 2 -c-. 55 15-({2S}-l,3-benrodioxan-2-yl)-16,17,18,19,20-pen- 

tanorprostenoic acid, a compound of claim 1. 

9. A compound of claim 1, wherein Z is carbonyl and 32. (5Z)-(8R,9S,1 1R, 12R,15S)-9,1 1,1 5-Trihydroxy- 
X==Yis 15K{2S}-i,3-benzodioxan-2-yl)-16,17,18,19,20-pen- 

tanorprostenoic acid, a compound of claim 1. 
-CH 2 -CH- . 60 33. (5ZH8R,llR,12R t 15R)-ll l 15-Dihydroxy-9-oxo- 

1 i5-({2RSM,3-benzodioxan-2-yl)-16,17,18,19 7 20-pen- 
OH tanorprostenoic acid, a compound of claim 1. 

34. (5Z)-(8R,llR,12R,15S>-n,15-Dihydroxy-9-oxo- 
10 - ^^P° und of cIaun wherein Z is carbonyl lS-^RSM^-benzodioxan^-yO-l^n.lSJ^O-pen- 
and x Y is — CH=CH— . 65 tanorprostenoic acid, a compound of claim 1. 

11. A compound of claim 1, wherein Ri is hydroxy. 35. (5Z)-(8R,llR,12R,15R)-n,15-Dihydroxy-9-oxo- 

12. A compound of claim 1, wherein Ri is alkoxy of 15-({2R}-1 ! , 3-benzodioxan-2-yl)-16,i7,18,19,20-pen- 
1-10 carbon - atoms. . tanorprostenoic acid, a compound of claim 1. 
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36. : ,(52H8Il,U^.l%15S):1145-Pi*y4r(My.9^xp:., ; .. (8R,9S,11M2R,15S)-9,11,15-Trihy<lroxy-15- 
XHi^'^^a^^l^xy^XIMiX^i^^.^ ; >; . ({2RS}-:l,3-!beiizodioran-2-yl)-16,17,18,IWO.pehtanor- 
tanorprostenoic acid, a compound of claim 1. prostanoic acid, a compound of claim 1. 

37. (5ZM8lUlR42R,15R>il4£PM^ S9: :(8R i 9S,llR,12R,15R)-9 j ll,15.Trihydroxy-15- 
15-({2S}-l,3-benzpdioxanr^l^l6,17^8iW ? : ({2R}-l>benzodidxan-2-yl)-16,17,18 / 19,20-i J eiitarior- 
tanorprostenoic acid, a compound of claim 1. : • prostanoic acid, a compound of claim 1. ' • 

38. (i52^8R,llR,12R,15S)-ll,15-Dihydroxy-9K)xo- «. (8R,'9S,llR,12R,15S)-9,ll,^Trihydroxy-13- 
15-({2S>l,34)aizodioxan-2-yl>16 1 17,I8,19 I 20-pen- ({2R}-i;34)enz(kUo3uui-2-yl)-16,17,18 1 19,20-pentanor- 
tanorprostenoic acid, a compound of claim 1. ■ prostanoic acid, a compound of claim 1. 

39 (5Z,10Z,13EH8R,12S,15R).15-Hydroxy-9K)xo- 10 «. (8R.9S,llR,12R.15R)-9,11.15-Trihydroxy-15. 
13-({2RS}-l,3-ben2odioxan.2.yl)-16,17,18 > 19^0-|>en. (es}-l,3-benzodioxan.2-yl)-16,17,18,19,20-pentanor. 
tanorprostatrienoic add, a compound of claim 1. prostanoic add, a compound of claim 1. 

,<^, D &% I3 !^ 8W f l^w^' 9 " 0310 " «• <8R,9S,llR,12R,15S>9,ll,^Trfcy<lro*y.l5. 
15K{2RS}- 1 3-ben 2 odio S aii-2-yl).16,17,18, 9,20-pen- ({2S}.l ( 3-ben2odioxan-2-yl)-16,17,18,19,20-pentanor- 
tanorprostatnenoic acid, a compound of daiml. prostanoic add, a compound of claim 1. 

mS^'S^ * (5Z.13EK8R,9?12R,15R).9,15.Dihydro«y-li: 

15K{2RH3j>en^o^ oxo.l5.({2RS}4,3-b e nzcdioxan.2.yl).16,17 1 18,19>. 

^^™^r« pentanorprost^iendcacid.acompoundofclaimt 
iaSta? nESffi^n SS^S?"* 20 ' * (5Z.I3EH8R,9S,12R,15S>9,15.Dihydrox y -ll- 

l^{^l,34euodK»ii^ oxo-lS-^RSM.S-benzodioxan^yD-ie.n.lS.ig^. 

tanorprostatnenoic acid, a compound of claim 1. ^, t<1 „„J J. . .. * ' j *. 

. m /« 7 ln7 ,-,t3\ ,,o ,,c icd\ ic ti j n pentanorprostadienoic acid, a compound of claim 1. 

tanorprostatnenoic acid, a compound of claim 1. 25 ° x °;lM{2R}-U-b^ , 

15<{2S}-l,3-b<moajoxan^^ * ffi?^ *' 9 S*12»^15S >9 ; 15-D%a>oxy-ll. 

taiiorprostatrienoic acid, a compound of claim 1. \ow-13<{iR^ 

45. (I3EH8R,9S,llR,12R,15R).9,ll,15.Trihydroxy. . pe 2T°l£^ 
tanorprostenoic acid, a compound of claim t oxo^{2S} ; l,3-be,^ 

46. (13EH8R,9S ( llR f 12R,15S>9414^Trihydroxy- ii 
lM{2RS}:i f 3-benzodk>xan.2. y l>16,n,18,l9,20-^ * ■ J3\ 3 ?*^^ 

tanorprostenoic acid, a compound of claim 1. oxo-15-({2S}-l^ 

47. (13EH8R,9S41R,15R-9,ll,15Triliydroxy.l5- 35 tB ^f pro *S^ ^ * ~ 

prostenoic acid, a compound of claim 1. *oxy-^ 

AS. (13E)-(8R,9S,llR,15S)-9,ll f 15-Trihydroxy-15- IWV.lS.^^O-penl^cnprcjstadienoicacid, acompound 

({2R}-l,3-benzc^xan-2-yl)-16,l7,18,19,20-pentanor. of claim 1 

pnK^-mM.^comp^^d^l. : 40, 70. (5Z,13EH8R,9S,llR t 12R,15R).9 > ll,15-Trih y - 

49. (13EH8R,9S ) llR,15R>9,il ) 15-Trihydroxy-15- droxy-15-({2RS}-l t 3.benzodioxan-2-yl>16,17,18,19,20- 
({2S}*l,3-benzodioxan-2-yl)-16,17,18,19,20-pentanor- pentanorprostadienoic add (4-phenyl>phenacyl ester, a 
prostenoic add, a compound of claim 1. compound of claim 1. 

50. (13EH8Ri9S,UR,15S)-9,ll f 15-Trihydroxy-15- 71 ' Tris(hydroxymethyl)-anunomethane salt of 
X{teH3-benzodknn^^ 45 (5Z,13EH8R,9S ) llR,12R f 15R).9,n t 15-trmydroxy-15. 
prostenoic acid, a compound of claim 1. ({2RS}-l,3-benzodioxan-2-yl>16,17,18,l9,20-pentanor- 

51. (i3E>(8R f llR,12R,15R)-mi5-Dihydroxy.9-oxo- prostadienoic acid, a compound of claim 1. 
15<{2RS}4,3-benzcKlioxan-2.yl>16,17,18 l 19,20.pen- 72 - (4-PhenyI)-phenacyl ester of (5Z,13E)- 
tanorprostenoic acid, a compound of claim 1 (8R i 9S > llR f 12R f 15R>9 l ll f 13-trihydioxy-15-({2S}-l f 3-. 

52. (13EH8R,llR f 12R,15S)-ll f 15-Dihydroxy-9-oxo- 50 benzodioxan-2-yl)- 16, 17,18, 19,20-pentanorpros- 
15-({2RS}-l,3-ben2odioxan-2-yl)-16,17,l8,19 J 20-pen. tadienioc acid, a compound of claim 1. 
tanorprostenoic acid, a compound of claim 1. ™- (4-Phenyl)-phenacyl ester of (5Z.13E)- 

53. (13E)-(8R,llR,12R,15R)-ll,15-Dihydroxy-9-oxo- (8R,9S,llR,12R 1 15S)-9,ll,15-trihydroxy-15-({2S}-l f 3- 
15K{2R}-l,3-ben2odk>xan-2-yl)-16,17,18,19,2()-pen- « beiuodioxan-2-yl)-16,17 f 18,19,20-pentanorpros- 
tanorprostenoic acid; a compound of claim 1. tadienoic acid, a compound of claim 1. 

54. (13EH8R,llR,12R l 15S)-ll l 15-Dihydroxy-9-oxo- 74. A lactol of the formula 
15-({2R}-l,3-bciizo^oxan.2yl)-l6,17,18,19,20-pen- 

tanorprostenoic acid, a compound of claim 1. OH 

55. (13EH8R,UR,12R l 15R).ll,15-Dmydroxy-9K)Xo- JL 
15.({2S}-l,3-benzodioxan-2-yl>16,17,18,19,20-pen- § 
tanorprostenoic acid, a compound of claim 1. ^ 

56. (13E)-(8R, 1 1R, 12R, 15S>11, l5-Dihydroxy-9-oxo- 
15-({2S}-l ) 3-ben2odioxan-2-yl)-16,17,18,19,20-pen- 

tanorprostenoic acid, a compound of claim 1. 6* "|f A 5r 6 

57. (8R,9S,llR,12R,15R>9,ll,15-Trihydroxy-15- OR 5 
({2RS}-l,3-benzodioxan-2-yl)-16 ? 17,18,19,20-pentanor- 

prostanoic acid, a compound of claim 1. wherein R2 is H or alkyl of 1-5 carbon atoms; 
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R3 and R4 each are H, F, CI, Br, I, CF3 CH3 or alkoxy 

of 1-2 carbon atoms or R3 and R4 in 6-, 7-position 

is methylendioxy; 
R5O— and R6O— are Oh, acyloxy wherein acyl is 

the acyl radical of an organic carboxylic acid, or a 

readily cleavable ether group; and 
A is — CH2CH2— or trans- — CH=GH— . 
75. A pharmaceutical composition comprising a lu- 



44 



trohytically effective amount of a compound of claim 1, 
in admixture with a pharmaceutically acceptable car- 
rier. 

76. A method of achieving a luteolytic effect in a 
patient which comprises administering to the patient a 
luteolyucally effective amount of a compound of claim 
1. 
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[57] ABSTRACT 
Prostaglandins of the formula: 

_ _/\ /\/\ 

r 8 n x coon 

Yfr 

OH 





X represents ethylene or cis-vinylene, Y represents 
ethylene or trans-vinylene, R represents a hydrogen 
atom or a straight- or branched-chain alkyl group con- 
taining from 1 to 12 carbon atoms, R 1 represents a hy- 
drogen atom or a straight- or branched-chain alkyl 
group containing from I to 10 carbon atoms, R 2 repre- 
sents a straight- or branched-chain alkyl group contain- 
ing from 1 to 4 carbon atoms, R 3 represents a straight- 
or branched-chain alkyl group containing from 1 to 4 
carbon atoms, a cycloalkyl group containing from 4 to 
7 carbon atoms, or a grouping of the formula: 

vin 




wherein R 4 and R 5 each represents a hydrogen or halo- 
gen atom, a trifluoromethyl group or an alkyl group 
containing from 1 to 3 carbon atoms, or R 2 and R 3 
together represent an ethylene or trimethylene group 
and cyclodextrin clathrates of such acids and esters and, 
when R represents a hydrogen atom, non-toxic salts of 
such acids, are disclosed. 

These compounds exhibit characteristic prostaglandin 
activity, in particular, inhibitory activity on gastric 
secretion, luteolytic activity and so on. 



wherein A represents a grouping of the formula: 



5 Chums, No Drawings 




4,128,720 



PROSTAGLANDIN ANALOGUES 

This invention is concerned with new prostaglandin 
analogues. 

Prostaglandins are derivatives of prostanoic acid 
which has the following formula: 




5 J i COOH 

.-'\y\ysy 




Various types of prostaglandins are known, the types 
depending inter alia on the structure and substituents on 
the alicyclic ring. For example, the alicyclic rings of 
prostaglandins F(PGF) and E(PGE) have the struc- 
tures: 



10 



15 



20 




25 



III 30 



35 



respectively. In the foregoing formulae and in other 
formulae throughout this specification the dotted lines 
denote, in accordance with generally accepted rules of 40 
nomenclature, that the attached grouping lies behind 
the general plane of the ring system, i.e. that the group- 
ing is in a-configuration, the thickened lines V denote 
that the grouping lies in front of the general plane of the 45 
system, i.e. that the grouping is in /J-configuration, and 
the wavy line +++ indicates that the grouping is in a- or 
^-configuration. 

Such compounds are sub-classified according to the 50 
position of double bond(s) in the side chain(s) attached 
to the 8- and 12-positions of the alicyclic ring. Thus 
PGj compounds have a trans-double bond between 
Q3-Ci4(trans-A 13 ) and PG2 compounds have a cis-dou- 
ble bond between C 5T C 6 and a trans-double bond be- 
tween Ci3-Ci4(cis-A 3 , trans-A 13 ). For example, prosta- 
glandin Fj^PGFio) and prostaglandin Ej (PGEO are 
characterized by the following structures IV and V. 



55 
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* 5 3 I COOH 




IV 



65 



7 5 i 1COOH 

'\y\y\y 



i 13 

OH OH 

respectively. The structures of PGF2a and PGE 2 , as 
members of the PG2 group correspond to those of for- 
mulae IV and V respectively with a cis-double bond 
between the carbon atoms in positions 5 and 6. Com- 
pounds in which the double bond between the carbon 
atoms in positions 13 and 14 of members of the PGj 
group is replaced by ethylene are known as dihydro- 
prostaglandins, e.g. dihydro-prostaglandin-Fi a (dihy- 
dro-PGF la ) and dihydro-prostaglandin-Ej (dihydro- 
PGE,). 

Moreover, when one or more methylene groups are 
added to, or eliminated from, the aliphatic group at- 
tached to the 12-position of the alicyclic ring of the 
prostaglandins the compounds are known, in accor- 
dance with the usual rules of organic nomenclature, as 
homo-prostaglandins (methylene group added) or nor- 
prostaglahdins (methylene group eliminated), and, 
when more than one methylene group is added or elimi- 
nated, the number is indicated by di- tri- etc. before the 
prefix "homo" or "nor". 

Prostaglandins are generally known to possess phar- 
macological properties, for example they stimulate 
smooth muscle, have hypotensive, diuretic, bron- 
chodilating and antilipolytic activities, and also inhibit 
blood platelet aggregation and gastric acid secretion, 
and are, accordingly, useful in the treatment of hyper- 
tension, thrombosis, asthma and gastrointestinal ulcers, 
in the induction of labour and abortion in pregnant 
female mammals, in the prevention of arteriosclerosis, 
and as diuretic agents. They are fat-soluble substances 
obtainable in very small quantities from various tissues 
of animals which secrete the prostaglandins in the living 
body. 

For example, PGEs have an inhibiting effect on gas- 
tric acid secretion and may, accordingly, be used in the 
treatment of gastric ulcers. They also inhibit the release 
of free fatty acid induced by epinephrine and as a result 
they reduce the concentration of free fatty acid in 
blood, and are, accordingly, useful in the prevention of 
arteriosclerosis and hyperlipemia, PGEj inhibits blood 
platelet aggregation and also removes the thrombus and 
prevents thrombosis. PGEs and PGFs have a stimulat- 
ing effect on smooth muscle and increase the intestinal 
peristalsis; these actions indicate therapeutic utility on. 
post-operative ileus and as purgatives. Furthermore, 
PGEs and PGFs may be used as oxytocics, as abortifa- 
cients in the first and second trimesters; in the post- 
labour abortion of the placenta, and as oral contracep- 
tives because they regulate the sexual cycle of female 
m a mm als. PGEs have vasodilator and diuretic activi- 
ties. PGEs are useful for improvement in patients suffer- 
ing from cerebral vascular disease because they increase 
the cerebral blood flow and are also useful in the treat- 
ment of asthmatic conditions in patients because of their 
bronchodilating activity. 

During the past decade widespread investigations 
have been carried out in order to discover inter alia new 
products possessing the pharmacological properties of 
the 'natural' prostaglandins or one or more of such 
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properties to an enhanced degree, or hitherto unknown 
pharmacological properties. It has now been found that 
by replacing one of the hydrogen atoms attached to the 
^-position carbon atom in the aliphatic group linked to 
the 12-position of the alicyclic ring of prostaglandins E 
and F or analogues thereof by an alkylthio radical and 
the other hydrogen atom by an alkylthio, cycloal- 
kylthio or phenylthio radical, the pharmacological 
properties of 'natural' prostaglandins may, in some as- 
pects of their activities, be improved or modified. 

The present invention accordingly provides new 
prostaglandin analogues of the general formula: 



10 



A AA 

X COOR 



VI 




IS 



20 



wherein A represents a grouping of the formula: 




VIIA 



25 



30 



VIIB 



35 



X represents ethylene (i.e. — CH 2 CH 2 — ) or, prefera- 40 
bly, cis-vinylene (i.e. — CH=CH— ), Y represents eth- 
ylene or, preferably, trans- vinylene, R represents a hy- 
drogen atom or a straight- or branched-chain alkyl 
group containing from 1 to 12 carbon atoms (preferably 
methyl), R 1 represents a hydrogen atom or a straight- or 45 
branched-chain alkyl group containing from 1 to 10 
(preferably 1 to 4 ) carbon atoms, R 2 represents a 
straight- or branched-chain alkyl group containing from 
1 to 4 carbon atoms (preferably methyl), R 3 represents a 
straight- or branched-chain alkyl group containing from 50 
1 to 4 carbon atoms, a cycloalkyl group containing from 
4 to 7 carbon atoms, or a grouping of the general for- 
mula: 



the hydroxy group attached to the 15-position is in the 
a-configuration are preferred. 

The present invention is concerned with all com- 
pounds of general formula VI in the 'natural' form or its 
enantiomeric form, or mixtures thereof, more particu- 
larly the racemic form consisting of equimolecular mix- 
tures of natural and its enantiomeric form. 

As will be apparent to those skilled in the art, the 
compounds depicted in general formula VI have at least 
three centres of chirality, these three centres of chirality 
being at the alicyclic ring carbon atoms of group A 
identified as 8 and 12 and at the C-15 carbon atom 
which has attached to it a hydroxy group. Still further 
centres of chirality occur when the alicyclic group A 
carries a hydroxy group on the carbon atom in position 
1 1 Q.e. when the ring is that of formula VHB) or hy- 
droxy groups in positions 9 and 1 1 (i.e. when the ring is 
that of formula VIIA) and further centres of chirality 
may occur in groups represented by the symbols R 1 , R 2 
and R 3 The presence of chirality leads, as is well 
known, to the existence of isomerism. However, the 
compounds of general formula VI all have such a con- 
figuration that the side-chains attached to the ring car- 
bon atoms in the positions identified as 8 and 12 are 
trans with respect to each other. Accordingly, all iso- 
mers of general formula VI, and mixtures thereof, 
which have those side-chains attached to the ring car- 
bon atoms in positions 8 and 12 in the trans-configura- 
tion and have a hydroxy group as depicted in the 15- 
position are to be considered within the scope of gen- 
eral formula VI. 

According to a feature of the present invention, the 
prostaglandin analogues of general formula VI, wherein 
R represents a hydrogen atom or a straight- or 
branched-chain alkyl group containing 1 to 4 carbon 
atoms, preferably methyl, and the other symbols are as 
hereinbefore defined, are obtained by the process which 
comprises hydrolysing a compound of the general for- 
mula: 




vm 



60 

wherein R 4 and R 5 each represents a hydrogen or halo- 
gen atom, a trifluoromethyl group or an alkyl group 
containing from I to 3 carbon atoms, or R* and R 3 
together represent an ethylene or trimethylene group) 65 
and cyclodextrin clathrates of such acids and esters and, 
when R represents a hydrogen atom, non-toxic salts of 
such acids. Compounds of general formula VI wherein 



A AA 

X COOR' 




DC 



wherein X, Y, R 1 , R 2 and R 3 are as hereinbefore de- 
fined, Z represents 



55 



\ 



H 



or C=0, R' represents a hydrogen atom or a straight- 
or branched-chain alkyl group containing 1 to 4 carbon 
atoms, preferably, methyl, and R 6 and R 7 each represent 
a 2-tetrahydropyranyl group, unsubstituted or substi- 
tuted by at least one alkyl group, or a 2-tetrahydrofura- 
nyl or 1-ethoxyethyl group, to convert the groups OR 6 
and OR 7 to hydroxy groups. 

The groups OR 6 and OR 7 of the compounds of gen- 
eral formula DC may be converted to hydroxy groups 
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5 6 

by mild hydrolysis with an aqueous solution of an or- c^bo,^ m ^ presence 0 f a water miscible organic 
game acid, e.g. acetic acid, or with a dilute aqueous ... T . 

inorganic acid, e.g. hydrochloric acid, advantageously solvent, e.g. tetrahydrofuran or an alkanol containing 
in the presence of an organic solvent miscible with from 1 to 4 carbon atoms. 

water, e.g. tetrahydrofuran or an alkanol containing 5 , . „„,„. - __|„ TY v „„„ 

from 1 to 4 carbon atoms, e.g. methanol. The mild hy Compounds of general formula IX wherein Z repre- 

drolysis may be carried out at a temperature ranging sents 
from ambient to 60* C. (preferably at a temperature 
below 45° C.) with an acid mixture, e.g. a mixture of 

hydrochloric acid and water with tetrahydrofuran or 10 / ^ >H 
methanol or a mixture of acetic acid, water and tetrahy- x' 
drofuran. 

Prostaglandin analogues of general formula VI H 
wherein R represents a straight- or branched-chain 

alkyl group containing from 1 to 12 carbon atoms can 15 and R' represents a straight- or branched-chain alkyl 
be obtained by reaction of a prostaglandin analogue of • 

general formula VI wherein R represents a hydrogen ^ ou P containing 1 to 4 carbon atoms may be prepared 
atom with 0) diazoalkane compounds, &g. diazometh- by reacting a compound of general formula X with 
ane, (ii) alcohols in the presence^ ^dicyclohexylcarbo^ potassium carbonate in an anhydrous alkanol 

diimide as condensing agent, or (111) alcohols following 20 

the formation of a mixed acid anhydride by adding a containing 1 to 4 carbon atoms in a straight- or 
tertiary amine and then a pivaloyl halide or an arylsul- branched-chain, preferably absolute methanol, 
phony] or alkylsulphonyl halide (cf. our British Patents , c . . . v . , 

Nos. 1362956 and 1364125). Compounds of general formula X may be prepared 

Compounds of general formula IX wherein Z repre- 2s bv reacting a compound of the general formula: 
sents C=0 may be obtained from compounds of gen- 
eral formula IX wherein Z represents 



OH 



S 30 / I X OOOR 9 

V 




XI 



by oxidation under very mild conditions, for example 
by means of Collins' reagent (chromium trioxide - pyri- 35 
dine complex) at -20° to -50° C. or by means of dimeth- 
ylsulphide - N-cMorosuccinimide at 0° to -30° C. [cf. E. 
J. Corey and C. U. Kim, J. Amer. Chem. Soc, 94, 7586 

(1972)]. (wherein X, Y, R 1 , R 2 , R 3 , R 8 and R 9 are as hereinbefore 

Compounds of general formula IX wherein Z repre- 40 defined and R 10 represents a hydrogen atom or the 
sents 

group R 6 as hereinbefore defined) with a dihydropyran, 
X>H dmydrofuran or ethyl vinyl ether in an inert organic 

solvent, e.g. methylene chloride, in the presence of a 
condensing agent, e.g. p-toluenesulphonic acid 
Compounds of general formula XI wherein R 10 rep- 
and R' represents a hydrogen atom may be prepared by a hydr0 g e n atom, Le. compounds of general 

reactmg a compound of the general formula: „ , „, A 

30 formula XIA; 




XIA 

55 / % x' ^ ^COOR 9 



S— R J 



60 




(wherein X, Y, R l , R 2 , R 3 , R 6 and R 7 are as hereinbefore 

defined, R 8 represents an alkylcarbonyl group contain- wherein X, Y, R 1 , R 2 , R 3 , R 8 and R 9 are as hereinbefore 

ing from 2 to 5 carbon atoms, and R 9 represents a 65 defined may be prepared by hydrolysmg compounds of 
straight- or branched-chain alkyl group containing from 

1 to 4 carbon atoms) with an aqueous solution of an general formula XI wherein R 10 represents the group 

alkali metal, e.g, sodium or potassium, hydroxide or R 6 , i.e. compounds of general formula XIB: 




4,128,720 



8 




COOR* 



Compounds of general formula VI wherein Y repre- 
m gents an ethylene group, i.e. compounds of the general 
formula: 

5 



10 



(wherein X, Y, R 1 , R 2 , R 3 , R 6 . R 8 and R 9 are hereinbe- 
fore defined) by the methods as hereinbefore described 
for the conversion of a compound of general formula DC 
to a compound of general formula VI. 

Compounds of general formula XIB may be prepared 
by the reaction of a compound of the general formula: 




via 



15 



(wherein X, Z, R 1 , R 2 , R 3 and R are as hereinbefore 
defined), may be converted to compounds of the gen- 
eral formula: 



20 




xu 



CHO 




XTV 



(wherein X, Y, R 6 , R 8 and R 9 are as hereinbefore de- ^ 
fined) with an organolithium compound of the general 
formula: 



R 

Li— ^S-R 2 
S-R 3 



xra 



35 



(wherein R 1 , R 2 and R 3 are as hereinbefore defined). 
The reaction is preferably effected at a low tempera- ^ 
tore, preferably below -30* C, in an inert organic sol- 
vent, eg. diethyl ether, tetrahydrofuran, n-hexane or 
1,2-dimethoxy ethane, for 10 to 60 minutes. The reaction 
mixture is then hydrolysed by treatment with water or 
an aqueous solution of an acid or ammonium chloride to 45 
give a mixture of the a- and ^-hydroxy epimers of com- 
pounds of general formula XIB. It is sometimes possible 
to separate the isomer having the hydroxy group in 
a-configuration from the isomer having the hydroxy 
group in ^-configuration by column chromatography 50 
of the mixture using silica gel. It is sometimes easier to 
separate the isomer having the hydroxy group in o-con- 
figuration of general formulae XIA and VI from the 
corresponding isomer having the hydroxy group in ^ 
^-configuration by column chromatography on silica 
gel than to separate the isomers of general formula XIB. 

According to a further feature of the present inven- 
tion, compounds of general formula XIA may be di- , 
rectly converted to compounds of the general formula ^ 
VI wherein A represents a grouping of formula VILA, 
R represents a hydrogen atom, and the other symbols 
are as hereinbefore defined by hydrolysis under alkaline 
conditions. The hydrolysis is preferably carried out 
with an aqueous solution of an alkali metal, e.g. sodium 65 
or potassium, hydroxide or carbonate in the presence of 
a water miscible organic solvent, e.g. tetrahydrofuran 
or an alkanol containing from 1 to 4 carbon atoms. 



(wherein X, Z, R l and R are as hereinbefore defined) by 
reaction with N^hlorosuccinimide and silver nitrate in 
an inert solvent, e.g. water or acetonitrile, at 0* C. to 
room temperature for 20 to 60 minutes. 

The compounds of general formula XII wherein X 
represents cis-vinylene, Y represents trans-vinylene and 
R 6 , R 8 and R 9 are as hereinbefore defined, hereafter 
depicted by general formula Xlla, are prepared by the 
sequences of reactions hereinafter depicted schemati- 
cally in Chart A. 

CHART A 




OH 



' \XVIII . OR* <f OXX 

I / I 
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-continued 

CHART A 




OR 8 



COOR* 



/ 



1 QR 6 CHO 



\1 OH COOR* 

OR 6 

XXI 



in the presence of a strong base, for example sodium 
methylsulphinylmethylide, under the normal conditions 
utilized for effecting the Wittig reaction, e.g. in an inert 
solvent at ambient temperature. The reaction is prefera- 
COOR 9 s bly carried out in dimethyl sulphoxide because the com- 
pound of genera] formula XXVII is practically insolu- 
ble in other solvents, e.g. tetrahydrofuran, and because 
XQa a cis-double bond must be formed stereospccifically in 

the Wittig reaction. For the better performance of the 
Wittig reaction, more than three equivalents of the 
phosphorane compound, prepared from the compound 
of general formula XXVII, are required. Reaction be- 
tween the compounds of general formula XVII and the 
phosphorane is usually completed hi about one to five 
hours at laboratory temperature. The product of for- 
mula XVIII, i.e. the acid component of the reaction 
mixture, may be isolated from the reaction mixture in a 
high yield by conventional procedures. 
Compounds of general formula XVIII may be esteri- 



10 



15 



wherein R 10 represents a straight- or branched-chain 
alkyl group containing 1 to 4 carbon atoms, and R 6 , R 8 
and R 9 are as hereinbefore defined. 
Referring to Chart A, the starting compounds of 20 fied to obtain compounds of general formula XIX by 



general formula XV may be prepared from the com- 
pounds of general formula XXIV hereafter by the series 
of reactions depicted schematically below in Chart B, 
wherein R 6 is as hereinbefore defined. 



CHART D 



<4 



OCHjC^Hj 



OR 0 



xxrv 




25 



30 



XXV 



XV 
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Compounds of general formula XXV may be pre- 
pared from compounds of general formula XXIV by 
catalytic reduction in the presence of a hydrogenation 
catalyst, for example palladium on charcoal or palla- 
dium black, and converted to compounds of general 
formula XV by oxidation under mild conditions, e.g. 
with Collins' reagent and at a moderately low tempera- 
ture. 

Compounds of general formula XV may be trans- 
formed stereospecifically to trans-a, ^-unsaturated es- 
ters of general formula XVI by reaction with the sodio 
derivative of compounds of general formula: 



XXVI 



40 



45 



50 



(R ,l O) 2 P— CH— C— OR 10 Na + 



(wherein R 10 is as hereinbefore defined and R 11 repre- 
sents an alkyl group containing from 1 to 4 carbon 

atoms) in an inert organic solvent, e.g. tetrahydrofuran 53 solvent, e.g. methylene chloride, at laboratory tempera- 



reaction with (a) appropriate diazoalkane compounds, 
e.g diazomethane, (b) appropriate alcohols in the pres- 
ence of dicyclohexyl carbodiimide as condensing agent, 
or (c) appropriate alcohols following the formation of a 
mixed acid anhydride by adding a tertiary amine and 
then a pivaloyl halide or an arylsulphonyl or alkylsul- 
phonyl halide (cf. our British Pats. Nos. 1362956 and 
1364125), and then, if desired, converted to compounds 
of general formula XXI by reaction with trimethyl- 
chlorosilane in an inert organic solvent, for example 
methylene chloride, in the presence of a base, for exam- 
ple pyridine or a tertiary amine, at a low temperature, 
e.g. at a temperature of -30* C. to 0* C, then reacting 
the resulting trimethylsilyl ether with the appropriate 
acyl halide or acid anhydride in an inert organic sol- 
vent, for example methylene chloride, in the presence of 
a base, for example pyridine or a tertiary amine, at a low 
temperature, e.g. at a temperature of 0° C. to 30° C, and 
treating the resulting acyl ether by methods known per 
se for the removal of the trimethylsilyl group, for exam- 
ple by treatment with an acid; it is preferable not to use 
a strong acid in order to avoid the risk of the removal of 
the group R 6 . By the term "methods known per se" as 
used in this specification is meant methods heretofore 
used or described in the chemical literature. 

Compounds of general formula XXI may be con- 
verted to compounds of general formula XHaby oxida- 
tion with manganese dioxide, for example in an inert 
solvent, e.g. methylene chloride, at laboratory tempera- 
ture, which oxidizes an allylic alcohol group selec- 
tively. 

Compounds of general formula Xllacan be prepared 
from compounds of general formula XIX by oxidation 
with manganese dioxide, for example in an inert organic 



or 1,2-dimethoxyethane, at a temperature of 0° C. to 30* 
C. for 2 hours, in a high yield, e.g. 70% to 90%. 

Compounds of general formula XVI may be con 
verted quantitatively to compounds of general formula 



ture, and then acylation via compounds of general for- 
mula XX. 

Compounds of general formula XVI can also be pre- 
pared from compounds of general formula XXII by 



XVII by reduction with more than three molar equiva- 60 selective deacetylation with an equimolar amount of 

anhydrous potassium carbonate in absolute methanol 
and then etherification with a dihydropyran, dihydrofu- 
ran or ethylvinyl ether in an inert organic solvent, such 
as methylene chloride, in the presence of a condensing 



lents ofdiisobutylalnminiiim hydride in an inert solvent, 
e.g: toluene, n-pentane or n-hexane, at a low tempera- 
ture, e.g. -78' C to -20° C. 
Compounds of general formula XVIII may be pre- 



pared by the reaction of a compound of general formula 65 for example p-toluenesulphonic acid. 

XVII with a compound of formula: Compounds of general formula XXIV may be pre- 

pared by known methods, for example as described in J. 
(C 6 H s ) 3 P 30 CH2CH2CH2CH2COOH.Br- xxvil Org. chem., 37, 2921 (1972) for the preparation of the 
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compound of general formula XXIV wherein R*is a 
2-tetrahydxopyranyl group. 

Compounds of general formula XII wherein X repre- 
sents cis-vinylene or ethylene and Y represents trans- 5 
vinylene may also be obtained by reaction of a com- 
pound of the general formula: 



OH 



12 

-continued 

X^COOR* 

OSi(CHah 

XXX 



pR 8 



XXVIII 




X COOR 9 



OR" 



10 



15 



(wherein X, R 6 , R 8 and R 9 are as hereinbefore defined) 
with formylmethylenetriphenylphosphorane in an inert 
solvent, for example benzene, at about 70° C. for several 
hours, for example 20 hours, to give compounds of the 
general formula: 



OR 8 

j XXXI 
OR 8 



~ "COOR 9 




Xllb 



X COOR 9 



CHO 



25 



30 



cc 

m ' 4 



X COOR* 
OH 



DR 8 



35 



wherein X, R 6 , R 8 and R 9 are as hereinbefore defined. 

Compounds of general formula XII wherein X and Y 
represent — CH2CH2- may be obtained by reduction of 
compounds of general formula Xllaor of general for- 
mula Xll/rwherein X represents ethylene by means of 
diimide, which is prepared from hydrazine and an oxi- 
dizing agent, for example hydroperoxide (cf. J. Chem. 
Ed, 42, 254 (1965)). Compounds of general formula XII 40 
wherein X represents cis — CH=CH — and Y represents 
— CH2CH2— may be obtained by the selective reduc- 
tion of the carbonyl conjugated double bond Y of com- 
pounds of general formula XI la by methods known per 45 
se, for example by means of lithium 1-pentyne-hydrocu- 
prate (LiCuH— CCC3H7) (see J. Amer. Chem. Soc. 96, 
3686 (1974)). 

The compounds of general formula XXVIII wherein 
X, R 6 , R 8 and R 9 are as hereinbefore defined and the 
group OR 6 is in a-configuration [hereinafter depicted in 
general formula XXVIIL4], used as starting materials in 
the hereinbefore described procedure, may themselves 
be prepared by methods known per se from compounds 55 
of general formula XXIX by the series of reactions 
depicted schematically below in Chart C: 




6r« 



X COOR 9 



EO 

XXVUIA 



50 




CHART C 



'SUCCOR* 
OH 

XXIX 



60 



65 



wherein X, R 6 , R 8 and R 9 are as hereinbefore defined, 
and preferably R 8 represents an acetyl group. 

Compounds of formula XXX may be prepared by 
reacting a compound of formula XXIX with trimethyl- 
chlorosilane in an inert organic solvent, for example 
methylene chloride, in the presence of a base, for exam- 
ple pyridine or a tertiary amine, at a low temperature, 
e.g. at a temperature of -30° C. to 0° C. Compounds of 
formula XXXI may be prepared by reacting a trimeth- 
ylsilyl ether of formula XXX with the appropriate acyl 
chloride or acid anhydride in an inert organic solvent, 
for example methylene chloride, in the presence of a 
base, for example pyridine or a tertiary amine, at a low 
temperature, e.g. at a temperature of 0° C. to 30* C. 
Compounds of formula XXXII may be prepared by 
treating a compound of formula XXXI by methods 
known per se for the removal of the trimethylsilyl 
group, for example by treatment with an acid; it is pref- 
erable not to use a strong acid in order to avoid the risk 
of the removal of the group R 6 . The compounds of 
formula XXXII may be converted to compounds of 
formula XXVIIL4under mild and neutral conditions, 
e.g. with chromium trioxide-pyridine complex or Jones 
' reagent and at a moderately low temperature. 

The compounds of general formula XXIX may them- 
selves be prepared by the method described in Japanese 
Patent Application No. 48-17416 from the known com- 
pounds of formula XXXIII below [the racemic form of 
the compound of formula XXXIII is described in J. 
Amer. Chem, Soc. 91, 5675 (1969) and the natural con- 
figuration compound of formula XXXIII is described in 




13 



4,128,720 



J. Amer. Chem. Soc. 92, 397 (1970)]which may be rep- 
resented by the series of reactions depicted schemati- 
cally below in Chart D> 



14 



6ac 



XXXIII 



CHART D 

O 

OH 

XXXIV 




10 



15 



20 



25 



oxide is made to react for 2 hours at room temperature 
to yield a compound of formula XXXVIII. 

Compounds of formula XXXVIII may, if desired, be 
reduced to give compounds of formula XXXVIIL4. 
Suitably, the reduction may be effected by hydrogena- 
tion in the presence of a hydrogenation catalyst, for 
example palladium on charcoal, palladium black or 
platinum dioxide, in the presence of an inert organic 
solvent, for example a lower alkanol, e.g. methanol or 
ethanol, at laboratory temperature at normal or ele- 
vated pressure, e.g. at a hydrogen pressure from atmo- 
spheric to 15 kilogrammes per square centimeter. Com- 
pounds of formulae XXXVIII or XXXVIIL4are then 
reacted with a diazoalkane in a suitable inert solvent, 
e.g. diethyl ether, to give compounds of formula XXIX. 

The compounds of general formula XXVIII wherein 
X represents cis-vinylene, R 6 , R 8 and R 9 are as hereinbe- 
fore defined and the group OR 6 is in /J-configuration, 
which may be used as starting materials in the hereinbe- 
fore described procedures, may themselves be prepared 
by the series of reaction depicted in Charts C and D but 
replacing the compounds of formula XXXIH by com- 
pounds of the formula: 

XXXIX 



<C 6 H 5 ) 3 P=CH(CH2) 3 COOH . 
OH + — ^ 



OR* 



30 



XXXVII 





OH 



? H /\ /\/\ 9 
k* X COOR 9 

6r 6 

XXIX 



COOH 



or 6 



, wherein Ac is as hereinbefore defined. 

A method for the preparation of the bicyclo- octane 
starting materials of formula XXXIX, wherein Ac is as 
hereinbefore defined, utilizing known procedures may 
be represented by the series of reactions depicted sche- 
matically below in Chart E (cf. E, J. Corney and Shiro 
Terashima, Tetrahedron Letters, No. 2, pp. 111-113, 
1972): 



CHART E 



xxxvniA 



wherein R 6 and R 9 are as hereinbefore defined and Ac 
represents the acetyl group (— COCH3). 50 

Compounds of formula XXXTV may be prepared by 
hydrolysis under alkaline conditions of compounds of 
formula XXXIII. Compounds of formula XXXV may 
be obtained by the acetylation of compounds of formula 
XXXIV under mild conditions and may be converted 53 
into compounds of formula XXXVI by reaction with a 
dihydropyran, dihydrofuran or ethyl vinyl ether in an 
inert solvent, e.g. methylene chloride, in the presence of 
a condensing agent, e.g. p-toluenesulphonic acid. Com- 
pounds of formula XXXVII may be prepared by reduc- 60 
ing compounds of formula XXXVI with 
diisobutylaluminium hydride in toluene for about 15 
minutes at -60* C. Dimsyl anion, previously prepared 
from sodium hydride and dimethyl sulphoxide is re- 
acted with 4-carboxy-n-butyl-triphenylphosphonium 65 
bromide to form 4-carboxy-n-Dutylidenetriphenyl- 
phosphorane. To that compound is added a compound 
of formula XXXVII and the mixture in dimethyl sulph- 




wherein Ac is as hereinbefore defined and Ts represents 
the tosyl group. The various reactions depicted above 
in Chart E may be effected by methods known per se. 
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Compounds of formula XLII may be prepared by react- mac., 1 8, 9-18 (1968)]; oral administration of 16(g)-phe- 

. ing compounds of formula XLI with tetraethylammo- nylthio-16-methylthio-17 t 18,19,20-tetranor-PG^ 

nium acetate. methyl ester produces 80.34% and 80.09% inhibitions, 

The prostaglandin analogues of general formula VI respectively, of stress ulceration at doses of 100 and 200 

wherein R represents a hydrogen atom may, if desired, 5 MS-Ag- animal body weight, respectively, while oral 

be converted by methods known per se into salts. administration of 16(0-phenylthio-16-methylthio- 

The salts may be prepared, for example, by reaction 17,18,19.20-tetranor-PGEi methyl ester produces 

of stoichiometric quantities of an acid of general for- 57.34% and 85.32% inhibitions, respectively, of stress 

mula VI and the appropriate base, e.g. an alakli metal ulceration at doses of 100 and 200 fig./kg. animal body 

hydroxide or carbonate, ammonium hydroxide or car- 10 weight, respectively, (2) when perfused into the stom- 

bonate, ammonia or an amine, in a suitable solvent The ach of the pentagastrin-treated rat, 16, 16^1,3-dithiapen- 

salts may be isolated by lyophilisation of the solution or, tano>PGE2 methyl ester and 16(Q-phenylthio-16- 

if sufficiently insoluble in the reaction medium, by filtra- methylthio-17,18, 19,20-tetranor-PGEi methyl ester 

tion, if necessary after removal of part of the solvent. produce increases in gastric acid pH from 2.0-2.5 to at 

Preferably the salts are non-toxic salts, ie. salts the 15 least 4.0 in two out of five animals when administered at 

cations of which are relatively innocuous to the animal doses of 10 /igyanimal/minute and 0.5-1.0 

organism when used in therapeutic doses so that the u.gyaniinal/minute, respectively, and 16(£)-phenylthio- 

beneficial pharmacological properties of the prostaglan- 16-methylthio-17, 18,19,20>tetranor-PGE2 methyl ester 

dins of general formula VI axe not vitiated by side-ef- produces an increase in gastric acid pH from 2.0-2.5 to 

fects ascribable to those cations. Preferably the salts are 20 at least 4.0 in 50% of pentagastrin-treated rats when 

water-soluble. Suitable salts include the alkali metal, administered at a dose of 0.9 (confidence limit 

e.g. sodium and potassium, and ammonium salts and 0.54-1.50) igyanimal/minute; (3) when administered 

pharmaceutically-acceptable (i.e. non-toxic) amine salts. intravenously on the 20th day of pregnancy, 16(£)-phe- 

Amines suitable for forming such salts with carboxylic nylthio-16-methylthio-17,18,19,20-tetranor-PGF2 a , 15- 

acids are well known and include, for example, amines 25 [2-(l,3-dithiacyclohexyl)]-16il7,18,19,20-pentanor- 

derived in theory by the replacement of one or more of PGF^, 16,16-(l ) 5-dithiapentano)-PGF2a methyl ester 

the hydrogen atoms of ammonia by groups, which may and 1 6(g)-phenylthio-l 6-methylthio- 1 7, 1 8, 19,20-tetran- 

be the same or different when more than one hydrogen or-PGEi methyl ester stimulate uterine contraction in 

atom is replaced, selected from, for example, alkyl the pregnant female rat at doses of 5.0-10.0, 10.0-20.0, 

groups containing from 1 to 6 carbon atoms and hy- 30 2O.O-50.0 and 0.5-1 /xg-Ag. animal body weight, re- 

droxyalkyl groups containing from 1 to 3 carbon atoms. spectively; (4) by subcutaneous administration on the 

The prostaglandins of general formula VI may, if 3rd, 4th and 5th days of pregnancy, 16(0-phenylthio- 

desired, be converted into cyclodextrin clathrates. The 16-methylthio-17,18,19 ( 20-tetranor-PGF2o. 16,16-0,5- 

clathrates may be prepared by dissolving the cyclodex- dithiapentano)-PGF2a°^thyl ester and 15-[2^I,3- 

trin in water and/or an organic solvent which is misci- 35 dithiacyclohexyl)]-16 I 17,18 ) 19,20-pentanor-PGF2 a in- 

ble with water and adding to the solution the prosta- hibit implantation in pregnant female rats when admin- 

glandin compound in a water-miscible organic solvent istered at daily doses of 1.0, 2.0 and 2.0 mg./kg. animal 

The mixture is then heated and the desired cyclodextrin body weight, respectively; (5) when administered intra- 

clathrate product isolated by concentrating the mixture peritoneally on the 17th day of gestation, 16(|>phe- 

under reduced pressure or by cooling and separating 40 nylthio-16-methylthio-17,18,19,20-tetranor-PGE2 

the product by filtration or decanting. The ratio of methyl ester induces abortion in pregnant female rats 

organic solvent to water may be varied according to the when adniinistered twice at a dose of 1.0 mgykg. animal 

solubilities of the starting materials and products. Pref- body weight; (6) after m tra venous adniinistration in the 

erably the temperature is not allowed to exceed 70° C. anaesthetized guinea pig in which increases in resistance 

during the preparation of the cyclodextrin clathrates. a, 45 in the respiratory tract were induced by the administra- 

fi-ox y-Cyclodextrins or mixtures thereof may be used tion of histamine, as determined by the method of Kon- 

in the preparation of the cyclodextrin clathrates. Con- zett and Rossler [Arch. exp. Path. Pharmak., 195, 71-74, 

version into their cyclodextrin clathrates serves to in- (1940)], 1 6, 1 6-( 1 ,3-dithiapentano)-PGE2 methyl ester 

crease the stability of the prostaglandin compounds. produces inhibitions of the histamine induced broncho- 

The prostaglandin analogues of general formula VI 50 constriction of 35.9% and 22.9%, respectively, at doses 

and their cyclodextrin clathrates and, when R in gen- of 10.0 and 30.0 u-g./kg. animal body weight, respec- 

eral formula VI represents a hydrogen atom, their non- tively, and (7) by inhalation in an aerosol, convulsions 

toxic salts, possess the valuable pharmacological prop- induced by the inhalation of a histanune-containing 

erties typical of prostaglandins, in a selective fashion, aerosol in the conscious guinea pig are delayed by 

including, in particular, inhibitory activity on gastric 55 16,16-(l,3-dithiapentano)-PGE2 methyl ester leading to 

acid secretion and gastric ulceration, abortifacient ac- increases in the preconvulsipn time of 57%, 11% and 

tivity and stimulatory activity on uterine contraction, 1 1%, respectively, at doses of 10.0, 100 and 300 jig./ml. 

luteolytic activity and antinidatory activity and bron- of aerosol, respectively, while (8), the doses of 15-[2-, 

chodilator activity at doses which do not, in general, (l3KUthiacydohexyl)]-16,17,18,19,2(>-pentanor-PGE2 

induce diarrhoea as an undesired side-effect, and are 60 methyl ester, 1 6, 1 6-(l , 5-dithiapentano)-PGE2 methyl 

useful in the treatment of gastric ulceration, in the ter- ester, l^-phenylthio-^methyltiuo-n.lS.^^O- 

mination of pregnancy and induction of labour in preg- tetranor-PGEj ester and 16(0-phenylthio-16-meth- 

nant female mammals, in the control of oestrus in female ylthio-17, 18,19,20-tetranor-PGEi methyl ester required 

mEmmflk and in the prevention of pregnancy in female to produce diarrhoea in 50% of mice (ED30) by oral 

mammals, and in the treatment of asthma. For example, 65 administration are 8.9, 3.2, 1.43 and 1.2 mgykg. animal 

in standard laboratory screening tests, (1) in rats in body weight, respectively. The prostaglandin analogues 

which gastric ulceration was induced by stress accord- of general formula XIV also possess the valuable phar- 

ing to the method of Takagi and Okabe [Jap. J. Phar- macological properties typical of prostaglandins, in a 
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selective fashion, including, in particular, hypotensive of chromium trioxide for 30 minutes. 20 g. of infusorial 

and bronchodilator activity at doses which do not, in earth were then added to the solution. After cooling the 

general, induce diarrhoea as undesired side-effect, and temperature to 0° C, 2.14 g. of 2-oxa-3-oxo-6-syn- 

are useful in the treatment of hypertension and asthma. hydr6xymethyl-7-anti-acetoxy-cis-bicyclot3 f 3,0]octane 

For example, in standard laboratory screening tests, 5 [prepared as described in J. Amer. Chem. Soc, 92, 397 

16-oxo-13,14-dihydro-15(©-PGEi methyl ester (1) by ( 970 )] in 2 o ml. of methylene chloride were then added 

intravenous administration to the allobarbital-anaesthe- ^ ^ gtirred for 15 minutes at 0° C. The 

tized dog, produces falls in blood pressure of 18 mm.Hg reaction nature wa8 then treated with 25 g. of sodium 

and 42 mm.Hg, respectively, lasting 12 minutes and 19 y^j^ ^ stirred for a furthe r 10 minutes at 0* C. 

minutes respectively, at doses of 0 5 and l.Oj ug.Ag. to md flltered ^ h a ^ ofm£L&iesl »m sulphate. The 

animal body weight, respectively; (2) by ^"™> ^ J der feduc £ pressure 

administration in the anaesthetized guinea-pig m which . . . rt0 ^ n * £ ~f , _ 

increases in resistance in the respiratory*^ t^act were «?. "a* 0 £ to give 2^xo-3-oxo-6-syn-fonnyl-7. 

induced by the administration of histamine, as deter- an1^cctoxy-CB-bicyclo[3 ^3,0]octane. 

mined by the method of Konzett and Rossler [Arch. 15 369 mg. of sodium hydnde (65% content) were sus- 

exp. Path. Pharmak., 195, 71-74 (1940)], produces inhi- P^ded m 60 ml. of absolute tetrahydroraran. With 

bitions of the histamine induced bronchoconstriction of stirring under an atmosphere of nitrogen at room tem- 

23.5%, 68.5% and 84.0%, respectively, at doses of 0.1, perature, 1.82 g, of trimethyl phpsphonoacetate [pre- 

0.5 and 1.0 u-g./kg. animal body weight, respectively, pared as described in C.R. Acad. Sci. Paris. Ser. A, B 

while (3), the dose required to produce diarrhoea in ^ 262B, 515 (1966)] were added to the suspension, and 

50% of mice (ED 30 ) by oral administration is 8.1 stirred for 30 minutes. 

mg.Ag. animal body weight. The formyl compound, obtained above, in 30 ml. of 

Preferred compounds of the invention are those com- tetrahydrofuran, was added, whilst maintaining the 

pounds of general formula VI wherein R represents a temperature below 15° C. t and stirred for 2 hours at 15° 

hydrogen atom or a methyl group, R 1 represents a hy- ^ C. Then the reaction mixture was treated with 2 ml. of 

drogen atom or an alkyl group containing from 1 to 4 acetic acid to pH 5 and concentrated slightly. The prodr 

carbon atoms, and R 2 represents an alkyl group contain- U ct was treated with 20 ml. of water and extracted twice 

ing from 1 to 4 carbon atoms and R 3 represents a phenyl with 80 ml. of ethyl acetate (total volume 160 ml.). The 

group or R 2 and R 3 together represent an ethylene or organic layer was washed with an aqueous solution of 

triraethylene group. ^ sodium chloride, dried over magnesium sulphate and 

The following Reference Examples and Examples concentrated under reduced pressure. The residue was 

Ulustrate the P/ocessof the preset invention and prod- b chromatography on silica gel using 

ucts thereof. In the Examples 'IR , NMR and JLC a of eth j . benzene (1:4) M eUlent to 

represent respectively Infrared absorption spectrum . 2 0 of ^ title compound the foUowing 

•Nuclear magnetic resonance spectrum' and Thin layer 35 p hvsical characteristics- 

chromatography'. Solvent ratios for chromatographic J^, ^ fflm): 29?0 , 775 , 735 mo , fi50 1240 

separations are by volume. 116a 1037 and 980 cm-«; 

REFERENCE EXAMPLE 1 NMR (CDClj solution):S; 6.77 (1H, d), 5.87 (1H, d), 

Phenylthio-methylUuo-methane „ 5.00 (2H. m). 3.70 (3H, s). 3.0-1.9 (6H. m), 2.04 (3H, 

120 ml. of a 1.3M n-butyllithium solution in n-hexane TLC (developing solvent, ethyl acetate - benzene = 

were added dropwise to a solution of 18.8 ml. of thi- \ : 2y t Rf 32 0.38. 
oanisole in 240 ml. of tetrahydrofuran at —20* C. and 

the reaction mixture was stirred at that temperature for REFERENCE EXAMPLE 3 

2 hours. After cooling to -70° C ;( 16.4 g. of dirnethyldi- 45 2-Oxa-3-oxo-6-syn-(2-methoxycarbonyl-trans-vinyl)-7- 

sulphide were added to the reaction mixture, which was anti-hydroxy-cis-bicyclo[3,3,0]octane 
then stirred at -70' C. for 15 minutes and at room 

temperature for 1 hour. The reaction mixture was 2.68 g. of 2-oxa-3-oxo-6-syn-(2-methoxycarbonyl- 

poured into dilute aqueous hydrochloric acid and ex- traiis-vmylJ^-anti-acetoxy^bicycloP^^octane 

traded with ethyl acetate. The extracts were washed 50 (P reDared ** described in Reference Example 2) in 30 

with water and an aqueous solution of sodium chloride nil. of absolute methanol and 1.38 g. of potassium car- 

and concentrated under reduced pressure. The residue bonate were stirred at room temperature for 15 minutes, 
was purified by distillation in vacuo to give 18.0 g. of successively cooled in an ice-bath and neutralized with 

the title compound having the following physical char- 20 ml. of IN hydrochloric acid. 260 ml. of ethyl acetate 

acteristics: 55 and 27 ml. of an aqueous solution of sodium bicarbonate 

b.p.: 98 to 102° C/3 mmHg; were added to the reaction mixture and separated into 

IR (liquid film):v; 2900, 1590, 1200, 750 cm™ l ; two layers. The organic layer was washed with an aque- 

NMR (CCUsolution):5; 7.65-7.10 (5H, m), 3.92 (2H, s), ous solution of sodium chloride, dried over magnesium 

2.20 (3H, s); sulphate and concentrated under reduced pressure to 

Refractive index: n D 20 = 1.6074; w give 1.96 g. of the title compound having the following 

Mass spectrum: m/e; 170 (M+). physical characteristics: 

REFERENCE EXAMPLE 2 m O^jM torn** 3430, 1786-1690 (broad) and 1650 



cm 



2-Oxa-3-oxo-6-syn-(2-methoxycarbonyl-traiis-vinyl)-7. (CDCl3 soi u ti OI1 ) ; 6; 6.82 (1H, dd) ( 5.90 (1H, d), 

anti-acetoxy-cis-bicyclo[3,3,0]octane 65 4SS (1H) m)r xn (3H> s)j 4.30-3.25 (2H, m) and 

Under an atmosphere of nitrogen and at laboratory 2.90-1.70 (6H, m); 
temperature, 140 ml. of absolute methylene chloride TLC (developing solvent, methylene chloride - metha- 
and 16.1 ml. of absolute pyridine was stirred with 10 g. nol = 19:1); Rf = 0.38. 
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REFERENCE EXAMPLE .4. . *? « * ^"i^ 5> * ? 

sulphoxide was added, and the mixture stirred vigor- 

20xa-3-oxo-6-syn-(2-methoxycarbonyl-trans-vinyl)-7- ous ] y at 2 5* C. for 1 hour. The reaction mixture was 

antK2*tnhy^ poured into 500 ml. of ice-water and neutral substances 

2.31 g. of 2-oxa-3-oxo-6-syn-(2-methoxycarbonyl- 5 were removed by extraction with a mixture of ethyl 

tnms-vmyO-T-anti-hydroxy-cis-bicyclop^.bloctane acetate and diethyl ether (1:1). The aqueous layer was 

(prepared as described in reference^ Example 3) were tQ H 3 with a MtuIBted solution of oxaHc ^id 

SfffJ 2 ^L^^LTt S3 ^ extracted with a rmxture of diethyl ether and ethyl 

dihydropyran for 15 minutes at room temperature. The 10 ***** ( 1:1 >- ^ extracts ' ^ wth watcr ' 

reaction mixture was neutralized with an aqueous solu- were dried over magnesium sulphate and concentrated 

tion of sodium bicarbonate, diluted with ethyl acetate, under reduced presure to give crude 2a-(6-carboxyhex- 

washed with an aqueous solution of sodium chloride, cis-2-enyl)-3^-(3-hydroxyprop-trans-l-enyl)-4a-(2-tet- 

dried over magnesium sulphate and concentrated under rahydropyranyloxy)-cyclopentan-la-ol having the fol- 

reduced pressure. The residue was purified by column 15 i owmg physical characteristics: 

chromatography on silica gel using a mixture of ethyl m Qk ^ d ^ mQ mQ 1240 md j 120 cm - l. 

acetate - benzene (1:3) as eluent to give 3.0 g. of the title * B , nrkni ' i„*j rt „v;s. <s ir** /au m \ « n A a m 

compound as white crystals having the following physi- ™* < C p a 3 5.70-5.25 (4H, m) and 4.62 

cal characteristics: ~Lw\ , . ^ 

m.p. : 85° C; 20 (developing solvent, methylene chloride - metha- 

IR(KBr tabiet):v; 2930, 1770, 1650, 1343, 1240and 1152 nol = 19:1); Rf = 0.23. 

cm -1 ; The crude 6-carboxy compound thus obtained was 

NMR (CDC1 3 solutipn):S; 6.78 (1H, dd), 5.84 (1H, d), dissolved in 40 ml. of methylene chloride, cooled to 0° 

; 4.97 (1H, m), 4.63 (1H, m), 3.71 (3H, s) and 4.30-3.20 Cnda solution of diazomethane in diethyl ether was 

m )»' ^ \ , , . added until the reaction mixture was coloured pale 

^) r7? 034 S0 - VeDt ' 8064810 ' " e ^ reaction mfarture was thcn concentrated 

- ' - ; ' * ' under reduced pressure and the residue was subjected 

■ ■ ■ REFERENCE EXAMPLE 5 to column chromatography on silica gel using a mixture 

2-Oxa-3iy^xy-6-syn<3-hydroxyprop-trans-l-enyl)- 30 of ethyl acetate - cyclohexane (1:1) as eluent to give 2.87 

7-anti-(2-te^anydropyranyloxy)-cis-bicyclo[3 l 3 I 0]oc- g. of the title compound having the following physical 

tane characteristics: 

3.10 g. of 2-oxa-3-oxo-6-syn-(2-methoxycarbonyl. m CM* 3420 » 2930 » l74 °- W33 10 20 

trans- vinyl)-7-anti-(2-tetrahydropyranyloxy)-cis-bicy- 35 cm ! ; 

clo[3,3,0]qctane (prepared as described in Reference NMR (CDC1 3 solution):^; 5.75-5.20 (4H, m), 4.67 (1H, 

Example 4) were dissolved in 100 ml. of toluene and m), 4.20-3.30 (6H, m) and 3.67 (3H, s); 

cooled to —65° C. To the solution, 23 ml. of a TLC (developing solvent, ethyl acetate - cyclohexane 

25(w/v)% solution of diisobutylaluminium hydride in ^ 2 : i) ; Rf a 0.31. 

toluene were added and stirred for 20 minutes at —60° *q 

C. Methanol was then added to decompose excess REFERENCE EXAMPLE 7 

dnsobuty^ with water Hie 2a-(6.Methoxycarbon y mex-cis-2^nyl).3i3<2-fonnyl. 

precipitate was filtered off and the filtrate was dried and ^ . IX . ' A 4 ' _ , ' ' , ; 

concentrated under reduced pressure to give 2.8 g. of trans-vmyl^-^tetrahydropyranyloxy^yclopentaii- 

the title compound having the following physical char- 45 laol 

acteristics: 3.8 g. of active manganese dioxide were added to a 

IR (liquid film):v; 3390, 2930, 1350 and 1 120 cm-'; ^toUon of 382 mg. of 2a-(6-methoxycarbonylhex-cis.2. 

^sSSHmV enyl)-3^3-hydro XyP rop-teans-l-en y l)-4«-(2-tetrah y - 

TLC (developing Solvent, methylene chloride - metha- „ dropyranyloxyHyclopentan-la-ol (prepared as de- 

nol = 19* 1); Rf = 0.23 scribed m Reference Example 6) in 30 ml. of methylene 

chloride, the mixture stirred at room temperature for 2 

REFERENCE EXAMPLE 6 hours and filtered. The precipitate was washed thor- 

2a-(6-Methoxycarbonylhex-cis-2-enyl)-3)3*(3-hydroxy- oughly with acetone, and the filtrate and washings were 

prop-trans-l-enyl)>4a-(2-tetrahydropyranyloxy>cyclo- 5J combined and concentrated under reduced pressure. 

pentan-la-ol The residue was purified by column chromatography 

2.94 g. of sodium hydride (65% content) were sus- on silica gel using a mixture of ethyl acetate - benzene 

pended in 40 ml. of dimethyl sulphoxide and stirred (1:4) as eluent to give 266 mg. of the title compound 

with heating at 65° C. for 40 minutes to obtain sodium having the following physical characteristics: 

methyl sulphinylmethylide. The reaction mixture was 60 ir (liquid film):v; 3450, 2930, 1737, 1688, 1632, 1435, 

allowed to cool to room temperature and then added j| 2 5 1022 and 977 cm -1 - 

dropwise to a solution of 18 5 g. of (^arboxybutyl)tri- ^ ' CDC j solution):S 9 ' 56 (1H d) 6 g2 md 6 ?9 

phcnylphosphonium bromide in 40 ml. of dimethyl V, *: i ( i m \ /,o „ ,7 

sulphoxide, the reaction temperature being kept within < H ; ~P?^|* 6 ' 20 md 6 * 18 < 1H ' dd res P ec ' 

the range of 20' C. to 25' C 65 5 - 36 »), 4.58 (1H, m), 3.61 (3H, s) and 

A solution of 2.84 g. of 2-oxa-3-hydroxy-6-syn-(3- 4.30-3.20 (4H ( m); 

hydroxy-prop-trans-l^nyl)-7-anti-(2-tetrahydropyra- TLC (developing solvent, ethyl acetate - benzene = 

nyl-oxy)-cis-bicyclo[3,3 ( 0]octane (prepared as de- 1:2); Rf = 0.27. 
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REFERENCE EXAMPLE 8 

la-Acetoxy-2a-(6-methoxycarbonylhex-cis-2-enyl)-3^- 
(2-formyl-trans-vinyl)-4a-(2-tetrahydropyranyloxy)- 

cyclopentane 5 

380 mg. of 2a-(6-methoxycarbonylhex-cis-2-enyl)- 
3j3-(2-formyl-trans-vinyl)-4a-(2-tetrahydropyranylox- 
y)-cyclopentan-la-ol (prepared as described in Refer- 
ence Example 7) were dissolved in 1.61 ml. of pyridine 10 
and 1.87 ml. of acetic anhydride were added and stirred 
at room temperature for 5 hours. The reaction mixture 
was concentrated under reduced pressure, the residue 
was dissolved in 50 ml. of ethyl acetate and 5 ml. of 
0.05N hydrochloric acid were added. After separation 
into two layers, the organic layer was washed with an 
aqueous solution of sodium chloride, dried over magne- 
sium sulphate and concentrated under reduced pres- 
sure. The residue was purified by column chromatogra- 20 
phy on silica gel using a mixture of ethyl acetate - ben- 
zene (1:4) as eluent to give 380 mg. of the title com- 
pound having the following physical characteristics: 
IROiquidfilm):v; 2930, 1737, 1687, 1636, 1244, 1127 and 

1030 cm" 1 ; 25 
NMR (CDC1 3 solution):5; 9.56 (1H, d), 6.82 and 6.79 
(1H ( each dd), 6.26 and 6.23 (1H, each dd), 5.34 (2H, 
m), 5. 1 1 (1ft m), 4.56 (1H, m), 4.27-3.25 (3H, m) ( 3.67 
(3ft s) r 2.09 (3ft s) and 3.00-1.26 (18ft m); 30 
TLC (developing solvent, ethyl acetate - benzene = 
1:2); Rf = 0.50. 

REFERENCE EXAMPLE 9 

Methyl 35 
9a-acetoxy-l 1 <z-(2-tetrahydropyranyloxy)- 1 5(Q- 
hydroxy-16(^phenylthio-16-methylthio-17,18,19,20- 
tetranorprosta-cis-5,trans- 1 3-dienoate 

10 ml. of a 1.4M solution of n-butyllithium in n-hex- 40 
ane were added dropwise to a solution of 2.0 ml. of 
phenylthio-methylthio-methane (prepared as described 
in Reference Example 1) in 15 ml. of tetrahydrofuran 
under an atmosphere of nitrogen at -20° C. and the 
reaction mixture was stirred at the same temperature for 45 
2 hours. 17.8 ml. of the reaction mixture thus obtained 
were added dropwise at —70° C to a solution of 2.7 g. 
of la-acetoxy-2a-(6-methoxycarbonylhex-cis-2-enyl)- 
3^-(2-formyl-trans-vinyl)-4a-(2-tetrahydropyranylox- 50 
y)-cyclopentane (prepared as described in Reference 
Example 8) in 50 ml. of tetrahydrofuran and the reac- 
tion mixture was stirred at the same temperature for 1 
hour and at 0 D C. for a further 30 minutes, poured into 
dilute aqueous hydrochloric acid and extracted with 55 
ethyl acetate. The extracts were washed with water and 
an aqueous solution of sodium chloride, dried over 
magnesium sulphate and concentrated under reduced 
pressure. The residue was purified by column chroma- 
tography on silica gel using a mixture of benzene - ethyl 60 
acetate as eluent to give 2.84 g. of the title compound 
having the following physical characteristics: 
IR (liquid film):v; 3450, 1730, 1590, 1430, 1250, 980 

cm" 1 ; 65 
NMR (CDCI3 solution):i>; 7.65-7.15 (5ft m), 5.85-4.90 

(5ft m), 4.90^.50 (1H, m), 3.65 (3ft s), 2.25 (1.5H, s), 

2.21 (1.5H, s), 2.05 (3H, s). 



EXAMPLE 1 
Methyl 

9a-acetoxy- 1 1 a, 1 5a-dihydroxy- 1 6(Q-pheny lthio- 1 6- 
methylthio- 1 7, 1 8, 1 9,20-tetranorprosta-cis-5,trans- 13- 
dienoate 

2.75 g. of methyl 9a-acetoxy-lla-(2-tetrahy- 
dropyranyloxy)- 1 5(£)-hydroxy- 1 6(£)-phenylthio- 1 6- 
methylthio- 17, 1 8, 1 9,20-tetranorprosta-cis-5,trans- 1 3- 
dienoate (prepared as described in Reference Example 
9) were dissolved in a mixture of 40 ml. of tetrahydrofu- 
ran and 10 ml. of IN hydrochloric acid and the reaction 
mixture was stirred at 40° C. for 2 hours and then ex- 
tracted with ethyl acetate. The extracts were washed 
with water and an aqueous solution of sodium chloride, 
dried over magnesium sulphate and concentrated under 
reduced pressure. The residue was purified by column 
chromatography on silica gel using a mixture of ben- 
zene - ethyl acetate as eluent to give 8 10 mg. of the title 
compound, having the following physical characteris- 
tics, 655 mg. of the 150-hydroxy isomer and 510 mg. of 
a mixture of them: 

TLC (developing solvent, benzene - ethyl acetate = 
1:2); Rf = 0.19 (Rf of the 15j3-hydroxy isomer = 
0.29); ' 

IR (liquid film):v; 3400, 1730, 1590, 1250, 980 cm- 1 ; 
NMR (CDCI3 solution):8; 7.70-7.15 (5ft m), 5.90-4.90 

(5ft m), 3.65 (3ft s), 2.25 (1.5ft s), 2.21 (1.5ft s), 

2.05 (3ft s). 

EXAMPLE 2 

9a f lla,15a-Trihydroxy-16K)-phenylthio-16-meth- 
ylthio- 1 7, 18, 19, 20-tetranorprosta-cis-5,trans- 1 3-dienoic 
acid 

[^(Q-Phenylthio-^methylthio-n.lS.^^O-tetranor- 
PGFjJ 

A solution of 130 mg. of potassium hydroxide in 3 ml. 
of water was added to a solution of 238 mg. of methyl 
9a-acetoxy- 1 1 a, 1 5a-dihydroxy- 1 6(Q-phenylthio- 1 6- 
methylthio-17 ( 18,19,20-tetranorprosta-cis-5,trans-l3- 
dienoate (prepared as described in Example I) in 4 ml. 
of ethanol, and the reaction mixture was stirred at room 
temperature for 1.5 hours, then acidified to pH 2 to 3 
with an aqueous solution of acetic acid and extracted 
with ethyl acetate. The extracts were washed with 
water and an aqueous solution of sodium chloride, dried 
over magnesium sulphate and concentrated under re- 
duced pressure. The residue was purified by column 
chromatography on silica gel using a mixture of ethyl 
acetate - cyclohexane as eluent to give 140 mg. of the 
title compound having the following physical charac- 
teristics: 

TLC (developing solvent, chloroform - tetrahydrofu- 
ran - acetic acid = 10:2:1); Rf = 0.13; 

IR (liquid film):v; 3360, 1710, 1580, 1250, 980 cm" 1 ; 

NMR (CDCI3 solution):8; 7.60-7.20 (5H, m), 5.80-5.55 
(2H, m), 5.55-5.25 (2ft m), 4.88 (4H, broad s), 
4.40-3.85 (4H, m), 2.24 (1.5ft s), Z20 (1.5H, s). 

REFERENCE EXAMPLE 10 
Methyl 

9a-acetoxy- 1 la, 1 5a-bis-(2-tetrahydropyranyloxy)- 
1 6(£)-pheny lthio- 1 6-methy lthio- 1 7, 1 8, 1 9,20-tetranor- 
prosta-cis-5,trans- 1 3-dienoate 

10 mg. of p-toluenesulphonic acid and 427 mg. of 
2,3-dihydropyran were added to a solution of 400 mg. of 
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methyl 9oacetoxy-l Ic^lSa-dihydroxy-l^O-phe- NMR (CDC1 3 solution): 6; 7.70-7.15 (5H, m) f 5.95-5.20 

nylthio-16-methylthio-17,18 f 19,20-tetranorprosta-cis- (4H, m), 4.90-4.50 (2H, m), 3.65(3H, s), 3.00-2.50 

5,trans-13-dienoate (prepared as described in Example (1H, m), 2,26 (3H, s). 

1) in 10 ml. of methylene chloride and the reaction EXAMPLE 5 

mixture was stirred at room temperature for 20 minutes 5 

and then poured into a saturated aqueous solution of Methyl 

sodium bicarbonate and extracted with ethyl acetate. 9-oxo-lla,15a-dihydroxy-16($)-phenylthio-16-meth- 

The extracts were washed with water and an aqueous ylthio-17,18,19 ( 20-tetxanorprostaH;is-5,trans-13-dieno- 

solution of sodium chloride, dried over magnesium ate 

sulphate and concentrated under reduced pressure The 10 [16(g>Phenylthio-16-methylthio-17,18,19,20-tetranor- 

residue was purified by column chromatography on PGE2 methyl ester] 

silica gel using a mixture of benzene - ethyl acetate as 327 mg of metny i 9 -oxo-llo,15a-bis<2.tetrahy- 

eluent to give 500 mg. of the title compound having the dropyranyloxy)- 16(e)-phenylthio-16.methylthio- 

following physical characteristics: nje^^O-tetranorprosta-cis^.trans-lS^ienoate (pre- 

JR (liquid film); y; 730, 1580 1435, 1250, 980 cm-'; 15 pared as described in Example 4) were dissolved in a 

NMR (CDCI3 solution): 6; 7.70-7. 15 (5H ( m), 5.9O4.90 mimre of x ^ of tetrahydroftiran md 6 . 7 mi. of a 65% 

(5H, m), 4.90-4.50 (2H, m), 3.64 (3H, s), 2.25 (3H, s), aq ue ous solution of acetic acid and the reaction mixture 

2.05 (3H, s). was stirred at 40° C. for 2 hours and then extracted with 

EXAMPLE 3 20 etn ^ acetate - extracts were washed with water and 

an aqueous solution of sodium chloride, dried over 

. . —y* magnesium sulphate and concentrated under reduced 

9a-hydroxy-l la,15a-bis-(2.tetrahydropyranyloxy)- pressure. The residue was purified by column chroma- 

16(©-phenylthio-16-me^^ tography on silica gel using a mixture of ethyl acetate 

prosta-cis-5,trans-13-dienoate ^ ^ cyc i oheiane M eluent to g ye 153 mg. of the title 

A solution of 500 mg. of methyl 9a-acetoxy-lla, 15a- compound having the following physical characteris- 

bis-(2-teti^ydropyranyloxy)-16(g)-phenylthio-16- tics: 

metiyltrdo-17 ( 18,19,20-tetMorprOTtoK:is-5 f trans-13- TLC (developing solvent, chloroform - tetrahydrofu- 

dienoate (prepared as described in Reference Example ran - acetic acid = 10:2:1); Rf = 0.53; 

10) in 7 ml. of methanol was stirred with 122 mg. of 3Q IR (liquid film): v, 3400, 1735, 1580, 1435, 980 cm" 1 ; 

anhydrous potassium carbonate at 50° C for 2 hours. NMR (CDCI3 solution): 6; 7.60-7.25 (5H, m), 5.90-5.70 

The reaction mixture was poured into dilute aqueous (2H, m), 5.53-5.25 (2H, m), 4.45-3.95 (3H, m), 3.65 

hydrochloric acid and extracted with ethyl acetate. The (3H, s), 3.80-3.30 (2H, m), 2.90-2.58 (1H, m), 2.27 

extracts were washed with water and an aqueous solu- (1.5H, s), 2.24 (1.5H, s). 

tion of sodium chloride, dried over magnesium sulphate 35 REFERENCE EXAMPLE 11 

and concentrated under reduced pressure to give 470 

mg. of the title compound having the following physi- la-Acetoxy-2a-(6-methoxycarbonylhexyl)-3iS-formyl- 

cal characteristics: 4a-(2-tetrahydropyranyloxy)-cyclopentane 

^S^l^ V w^'i 700 mg. of 5% palladium on carbon were suspended 

NMR (CDCI3 solution)^ B; V^^ 0 ,^^^^ 5 * 1 ^ 5 « * 30 ml of methanoTSie air in the apparatus was re- 

(4H, m), 4.95-4.50 (2H, m), 3.60 (3H, s), 2.24 (3H, s). placed by hydrogen> ^ a soXxtium c f 2 .0 g. of la- 

EXAMPLE 4 acetoxy-2a-(6-methoxycarbonylhex-cis-2-enyl)-3>3-for- 

myl-4a-(2-tetrahydropyranyloxy)-cyclopentane (pre- 

Metnyl pared as described hereinafter) in 10 mL of methanol 

9-oxo-lta,15a-bis-(2-tetrahydropyranyloxy>16(0-phe- 45 was addcd thereto. Catalytic reduction of the com- 

nyltmo-16-methyltruo4^^^ was out at room temperature under ambi- 

5,trans-13-dienoate ent pressure for 10 minutes. After completion of the 

0.648 ml. of dimethylsulphide was added to a solution reaction, the catalyst was filtered off and die filtrate was 

of 495 mg. of N^hlorosucciiiimide in 15 ml. of toluene concentrated under reduced pressure to give 1.95 g. of 

at —20° C. After stirring for 1 hour, a solution of 470 50 the title compound having the following physical char- 

mg. of methyl 9a-hydroxy-lia 1 15a-bis-(2-tetrahy- acteristics: 

dropyranyloxy)-16(f>phenylthio-16-methyltriio- IR (liquid film): v; 2930, 1740, 1440, 1250, 1030 cm- 1 ; 

17,18,19,20-tetranoiprostoKa^5,trans-13-dienoate (pre- NMR (CDC1 3 solution): d; 9.66 (1H, t), 5.25-4.90 (1H, 

pared as described in Example 3) in 10 ml. of toluene m), 3.65 (3H, s), 2.06 (3H, s). 

was added and the reaction mixture was stirred at —20° 55 I a- Acetoxy-2a^6-methoxy carbony lhex-cis-2-enyl)- 

C. for 2 hours. Then a solution of 0.923 ml. of triethyl- 3)^formyl^<2-teti^ydropyranyloxy)-cyclopentane, 

amine in 1.3 ml. of n-pentane was added to the reaction used as a starting material in the above procedure, may 

mixture, which was stirred at room temperature for 10 be prepared from 2-oxa-3oxo-6-syn-hydroxymethyl-7- 

minutes, diluted with ethyl acetate, washed with aque- antiacetoxy-cis-bicyclo[3,3,0]octane, [prepared as de- 

ous hydrochloric acid, an aqueous solution of sodium 60 scribed by E. J. Corey et al., J. Am. Chem. Soc., 92, 397, 

bicarbonate and an aqueous solution of sodium chloride, (1970)], as follows: 

dried over magnesium sulphate and concentrated under 190 g. of 2-oxa-3-oxo-6-syn-hydroxymethyl-7-anti- 

reduced pressure. The residue was purified by column acetoxy-cis-bicyclo[3,3,0]octane in 1.5 liters of absolute 

chromatography on silica gel using a mixture of ben- methanol and 130 g. of potassium carbonate were 

zene and ethyl acetate as eluent to give 329 mg. of the 65 stirred at room temperature for 1 hour, and then succes- 

title compound having the following physical charac- sively cooled in an ice-bath, and neutralized with hy- 

teristics: drochloric acid. The precipitate was filtered off and the 

IR (liquid film): v; 1740, 1580, 1440, 980 cm -1 ; filtrate was concentrated under reduced pressure. The 
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residue was washed with ethanol, and then with ethyl cis-bicyclo[3,3,0]octane as a colourless oil having the 

acetate, and dried to give 124 g. of 2-oxa-3-oxo-6-syn- following physical characteristics: 

hydroxymethyl-7-anti-hydroxy-cis-bicyclo[3,3 t 0]octane IR (liquid film); v; 3400, 2940-2860, 1465-1440, 1380, 

as white crystallites having the following physical char- 1355, 1323, 1260, 1200, 1140, 1120, 1075 and 1020 

acteristics: 5 cm -1 ; 

m.p. : 119* C; TLC (developing solvent, ethyl acetate); Rf = 0.25. 

IR (KBr tablet): v; 3350, 2970-2880, 1740, 1480, 1440, 37.6 g. of sodium hydride (content 63:5%) were sus- 

1410, 1380, 1335, 1305, 1270, 1205. 1100, 1080, 1060, pended in 400 ml. of dimethyl sulphoxide and stirred at 

1040, 1020, 1000 and 975 cm" 1 ; 70° C. for 1.5 hours to obtain sodium methylsulphinyl- 

NMR (in CDC1 3 + deutero dimethyl sulphoxide solu- 10 methylide. The reaction mixture was allowed to cool to 

tion): $; 5.10-4.60 (1H, m), 4.29 (2H, s), 4.13-3.77 room temperature and then added dropwise to a solu- 

(1H, m) and 3.38 (2H, d); ^on of 226 g. of (4-carboxybutyl)triphenylphosphonium 

TLC (developing solvent, methylene chloride - metha- bromide in 460 ml. of dimethyl sulphoxide, the reaction 

nol = 20:1); Rf = 0.27. . temperature being kept within the range 20 to 25° C. 

124 g. of 2-oxa-3-oxo-6-syn-hydroxymethyL-7-anti- 15 A solution of 35.2 g. of 2-oxa-3-hydroxy-6-syn- 

hydroxy-cis-bicyclo[3,3,0]octane, obtained as described hydroxymethyl-7-anti-(2-tetr^ 

above, were dissolved in absolute pyridine (1.4 liters) bicyclo[3,3,0]octane, prepared as described above, in 90 

and cooled to -40* C. 74 g. of acetic anhydride were of dimcth y! sulphoxide was added to the above 

added dropwise and the mixture stirred for 5 hours at "taction mixture and stirred at 35 to 40° C. for 1.5 hours. 

-40 to -20* C. and then for 16 hours at 0° C The 20 ^ re * c tion mixture was poured into 6 liters of ice- 

pyridine was evaporated off under reduced pressure water ^ neutral substances were removed by 

and the residue was dissolved in 1 liter of ethyl acetate. extraction with an ethyl acetate-diethyl ether mixture 

200 g. of sodium bisulphate were added, and the solu- ^ e ^ ueous lfl y er wa ? *M®ed to pH 2 with a 

tion was stirred vigorously and filtered. The filtrate was „ "J 1 * 8 * 6 * aqueous solution of oxalic acid and extracted 

concentrated under reduced pressure and the residue 25 Wlth a ^er-n-pentane mixture (1:1). The or- 

was purified by column chromatography on silica gel gam 5 was washed ™* water, dried over sodium 

using a mixture of benzene and ethyl acetate (1:3) as aad c °™*™f 'educed pressure. The 

eluenttogive 112 g. of WS^-syn-ac^xymeth- ^^SJ^^ to column chromatography on 

yl-7.anti-hydroxy4-bicyclo[3,3,0]octaneascol^ - 0 Si! T2iT!^^ 

IR (KBr tablet); v; 3450. 2960, 2850, 1775, 1740. 1420. ^^^^^ ^ ^ f ° UOWinS 

NiK^ £'^29«>-2m t -2300, 1710, 1450, 

T nol -To n^f meth y Iene chloride ' metha " NMR (in CDCI3 solution): 8; 6.20 (3H, s), 5.50-5.10 

2 1 Z «f S I * k * 1 n < 2H » m )» 4.75-4.36 (1H, m), 4.24-3.85 (2H, m) and 

4.3 g. of 2-oxa-3-oxo-6-syn-acetoxymethyl-7-anti- 3 85-3 0(4H m)- . 

hydroxy-cis-bfcyc^ 40 TLC (developing solvent, chloroform - tetrahydrofu- 

above, were dissolved m 520 ml. of methylene chlonde, ran . aceti / ac f d = 10:2 :l) ; Rf « 0 .53. 

25 g. of dmytopyran and 0.52 g. of p-toluenesulphomc To a ^Mon of l8i8 gt of 2 a-(6<arboxyhex-cis-2- 

acid were added and the mixture stirred for 20 rmnutes enyl>3^hyaroxymethtf^ 

at room temperature. The reaction mixture was neutral- C yclopentan-la-ol, obtained as described above, in 130 

ized with an aqueous solution of sodium bicarbonate, 45 ^ 0 f diethyl ether, a freshly prepared ethereal solution 

diluted with ethyl acetate, washed with water, dried G f diazomethane was added with cooling in an ice-bath 

and concentrated under reduced pressure to give 56 g. until the reaction mixture showed a pale yellow colour, 

of 2-oxa-3-oxo.6-syn-acetoxyraethyl.7.anti-(2.tetrahy- The reaction mixture was concentrated in vacuo, and 

dropyranyloxy)-cis-bicyclo[3,3,0]octane as a colourless the residue was subjected to column chromatography 

™ £ 6 to®* 3 ™** Phy«cai characteristics: 50 0 n silica gel using a mixture of cyclohexane and ethyl 

IR , ^ U il fllm): V; 2950 " 2840 » 1775 > 1740 > 1465 ' 1440 > acetate (2:1) as eluent to give 15.4 g. of 2a<6.methox- 

1390-1340, 1240, 1180, 1140-1120, 1080, 1040and980 ycarbonyl-hex^is-2<ny^ 

vr fJ" , t . rahydropyranyloxy)-cyclopentan-la-ol as a colourless 

NMR (CDCI3 solution): 8; 5.2-1.72 (1H, m), 4.72-4.30 0 il having the following physical characteristics: 

(1H, m), 4.2-3.2 (5H, m) and 2.01 (3H, s); 55 ir (Uqudd film): v; 3450, 2950, -2870, 1740, 1440, 1360, 

TLC (developing solvent, methylene chloride- 1325, 1250, 1200, 1140, 1120, 1080 and 1025 cm" 1 ' 

methanol -20:1); Rf = 0.74. NMR (in CDC1 3 solution): 6; 5.55-5.00 (2H, m), 

56 g. of the acetyl ether, prepared as described above, 4.78^.30 (1H, m), 4.20-3.06 (6H, m), 3.55 (3H, s) and 

were dissolved in 900 ml. of toluene and cooled to — 60" 2.97 (2H, s); 

C 456 ml. of a 25(w/v)% solution of 60 TLC (developing solvent, methylene chloride - metha- 

diisobutylaluminium hydride in toluene were added, nol s= 19:1); Rf = 0.43. 

and the solution was stirred for 20 minutes at the same 13.1 g. of 2a^6-methoxycarbonylhex-cis-2-enyl)-3j8- 
temperature; methanol was added in order to decom- hydroxymethyl^a-(2-teUahydropyranyloxy)-cyclo- 
pose the excess of dusobutylaluminium hydride and pentan-la-ol, obtained as described above, were dissolved 
water was added. The resulting precipitate was filtered 65 in 250 ml. of absolute methylene chloride, and 25 ml. of 
off and the filtrate was dried and concentrated under pyridine were added. The air in the apparatus was re- 
reduced pressure to give 35.2 g. of 2-oxa-3-hydroxy-6- placed with nitrogen and the contents cooled to -20* 
syn-hydroxymethyl-7-anti-(2-tetrahydropyranyloxy)- C. To the reaction mixture was added dropwise a solu- 
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tion of 5.1 ml. of trimethylchlorosilane in 30 ml. of 
methylene chloride with stirring and the mixture was 
then stirred at the same temperature for 30 minutes. A 
sample of the product thus obtained had the following 
physical characteristic: S 
TLC (developing solvent, benzene - ethyl acetate = 
2:1); Rf = 0.61. 

A solution of 2.9 ml. of acetyl chloride in 20 ml. of 
methylene chloride was added dropwise to the above 
reaction mixture and stirred at room temperature for 30 10 
minutes. Then 2 ml. of ethanol were added to decom- 
pose the excess of acetyl chloride. Pyridine in the reac- 
tion mixture was neutralized by the addition of 50 g. of 
sodium bisulphate, and the resulting precipitate was 
filtered off. The filtrate was concentrated under re- 15 
duced pressure to give a residue having the following 
physical characteristic: 

TLC (developing solvent, benzene - ethyl acetate = 
2:1); Rf = 0.82. 

The residue was dissolved in 300 ml. of ethyl acetate, 20 
100 ml. of an aqueous solution of oxalic acid were added 
and the solution was stirred vigorously at room temper- 
ature. The organic layer was separated, washed succes- 
sively with water, an aqueous solution of sodium bisul- 
phate! water and an aqueous solution of sodium chlo- 25 
ride, dried with sodium sulphate and concentrated 
under reduced pressure to give 13.7 g. of crude product 
The crude product was subjected to column chroma- 
tography on silica gel using a mixture of benzene and 
ethyl acetate (3:1) as eluent to give 7.45 g. of la- 30 
acetoxy-2a-(6-methoxycarbonylhex-cis-2-enyl)-3)3- 
hydroxymethyl-4a-(2-tetrahydropyranyloxy)-cyclo- 
pentane, 2.40 g. of la-hydroxy-2a-(6-methoxycarbonyl- 
hex-cis-2-enyl)-3/3-hydroxymethyl-4a-(2-tetrahy- 
dropyranyloxy)-cyclopentane, 720 mg. of la-hydroxy- 35 
2a-(6-metiioxycarbonylhex-cis-2-enyl)-3j3-acetox- 
ymethyl^^-tetrahydropyranyloxyj-cyclopentane, 
and 1.45 g. of la-acetoxy-2a-(6-methoxycarbonylhex- 
cis-2-enyl)-3jS-acetoxymethyl-4a-(2-tetrahy- 
dropyranyloxy)-cyclopentane. 40 

la-Acetoxy-2a-(6-methoxycarbonylhex-cis-2-enyi)- 
3^-hydroxymethyl-4a-(2-tetrahydropyranyloxy)- 
cyclopentane had the following physical characteris- 
tics: 

IR (liquid film): v; 3450, 3000, 2950, 2870, 1740, 1440, 45 
1380, 1330, 1250, 1200, 1160, 1140, 1080, 1030, 980, 
920, 875 and 815 cm" 1 ; 

NMR (in CD0 3 solution): $; 5.45-5.27 (2H, m), 
5.16-4.92 (1H, m), 4.76-4.46 (1H, m), 4.27-3.96 (1H, 
m), 3.67 (3H, s), 2.98-2.64 (1H, m) and 2.05 (3H, s); 50 

TLC (developing solvent, benzene - ethyl acetate *» 
2:1>, Rf « 0.27. 

Under an atmosphere of nitrogen, 4.4 ml. of pyridine 
were dissolved in 80 ml. of methylene chloride, 2.88 g. 
of chromium trioxide were added with stirring and the 55 
solution was stirred for 15 minutes. 12 g. of infusorial 
earth were added to the reaction mixture, and then 
there was added a solution of 956 mg. of la-acetoxy-2a- 
(6-methoxycarbonylhex-cis-2-enyl)-3)3-hydroxymethyl- 
4a-(2-tetrahydropyranyloxy)-cyclopentane, prepared 60 
as described above, in 20 ml. of methylene chloride. 
After stirring for 10 minutes, 20 g. of sodium bisulphate 
were added to the reaction mixture and stirring contin- 
ued for a further 10 minutes. The resulting precipitate 
was filtered off and the filtrate was concentrated under 65 
reduced pressure. The residue was subjected to column 
chromatography on silica gel using a mixture of ben- 
zene and ethyl acetate (5:1) as eluent to give la- 
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acetoxy-2a- (6-methoxycarbonylhex-cis-2-enyl)-3i3-for- 
myl-4a-(2-tetrahydropranyloxy)cyclopentane as a co- 
lourless oil having the following physical charcteristics: 
IR (liquid film): v; 3000, 2950, 2860, 2725, 1740, 1440, 

1380, 1325, 1255, 1200, 1165, 1140, 1085, 103a 980, 

920, 880 and 820 cm' 1 ; 
NMR On CDC1 3 solution): 6; 9.85-9.68 (1H, m), 

5.45-4.96 (IH, m), 4.68-4.48 (1H, m), 4.48-4.25 (1H, 

m), 3.67 (3H, s) and 2.08 (3H, s); 
TLC (developing solvent, benzene - ethyl acetate = 

2:1); RF » 0.66. 

REFERENCE EXAMPLE 12 
la-Acetoxy-2a-(6-methoxycarbonylhexyl)-3/5-(2-for- 
myl-trans- 

vinyl)-4a-(2-tetrahydropyranyloxy)-cyclopentane 

1.95 g. of la-acetoxy-2a-(6-methoxycarbonylhexyl)- 
3)8-formyl-4a-(2-tetrahydropyranyloxy)<yclopentane 
(prepared as described in Reference Example 1 1) and 
1.57 g. of formylmethylenetriphenylphosphorane (pre- 
pared as described in J. Chem. Soc., 1961, 1268) were 
dissolved in 25 ml. of dry benzene and the solution was 
stirred at 70* C. for 20 hours. The reaction mixture was 
then purified by column chromatography on silica gel 
using a mixture of benzene and ethyl acetate as eluent to 
give 1.73 g. of the title compound having the following 
physical characteristics: 

IR (liquid film): v; 1740, 1690, 1640, 1440, 1250, 1030 
cm -1 ; 

NMR (CDCI3 solution): 6; 7.00-5.90 (2H, m), 5.30-4.90 
(1H, m), 4.70-4.40 (1H, m), 3.65 (3H, s), 2.06 (3H, s). 



REFERENCE EXAMPLE 13 
Methyl 

9a-acetoxy- 1 la-(2-tetrahydropyranyloxy)- 1 5(Q- 
hydroxy- 1 6(£)-phenylthio- 1 6-methyl thio- 1 7, 1 8 , 1 9, 20- 
tetranorprost-trans- 1 3-enoate 

By proceeding as described in Reference Example 9 
but utilising 13.2 ml. of the reaction mixture obtained 
from 7.5 ml. of a 1.4M solution of n-butyl- lithium in 
n-hexane and a solution of 1.5 ml. of phenyl thio-meth- 
ylthio-methane in 1 1 ml. of tetrahydrofuran and replac- 
ing the la-acetoxy-2a-(6-methoxycarbonylhex-cis-2- 
enyi)-3/H2-fonnyl-trans-vinyl)-4a-(2-tetrahy- 
dropyranyloxy)cyclopentane by 1.7 g. of la-acetoxy- 
2a-(6-methoxycarbonylhexyl)-3)5-(2-formyl-trans- 
vinyl)-4a-(2-tetrahydropyranyloxy)-cyclopentane (pre- 
pared as described in Reference Example 12) in 35ml. of 
tetrahydrofuran there were obtained 2.0 g. of the title 
compound having the following physical characteris- 
tics: 

IR (liquid film): v; 3450, 1740, 1590, 1430, 1250, 980 

cm -1 ; 

NMR (CDCI3 solution): 8; 7.65-7.15 (5H, m), 5.8O-5.50 
(2H, m), 5.2<M.90 (1H, m), 4.90-4.50 (1H, m), 3.65 
(3H, s), 2.25 (1.5H, s), 2.21 (1.5H, s), 2.05 (3H, s). 

EXAMPLE 6 
Methyl 

9a-acetoxy- 1 la, 15a-dihydroxy-16(£)-phenylthio-16- 
methylthio- 1 7, 1 8, 1 9,20-tetranorprost-trans- 1 3-enoate 

By proceeding as described in Example 1 but replac- 
ing the methyl 9a-acetoxy-lla-(2 -tetrahy- 
dropyranyloxy> 1 5(£)-hydroxy- 1 6(Q-phenylthio- 1 6- 
methylthio-17,18,19,20-tetranorprosta-cis-5,trans-13- 
dienoate by 2.0 g. of methyl 9a-acetoxy-l la-(2-tetrahy- 
dropyranyloxy)- 1 5(£)-hydroxy- 1 6(0-phenylthio- 1 6- 
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methylthio- 17, 18, 19,20-tetranorprost-trans- 13-cnoate 395 mg. of methyl 9a-hydroxy-l la,l 5a-bis-(2-tetrahy- 

(prepared as described in Reference Example 13) and dropyranyloxy)- 16(0-phenylthio-16-methylthio- 

utilising a mixture of 30 ml. of tetrahydrofuran and 7 ml. 17, 18, 19,20-tetranorprost-trans- 1 3-enoate (prepared as 

of IN hydrochloric acid there were obtained 475 mg. of described in Example 7) dissolved in 9 mL of toluene 

the title compound, having the following physical char- 5 m ^ utilising a solution of 0.78 ml. of triethylamine in 1. 1 

acteristics, 490 mg. of the 15£-hydroxy isomer and 230 ^ of n-pentane there were obtained 235 mg. of the title 

mg of a mixture of them: compound having the following physical characteris- 
TLC (developing solvent, benzene - ethyl acetate = 

1:2); Rf = 0.20, (Rf of the 150-hydroxy isomer = IR Q{quld ^ mQ im ^ mo m _ l; 

in n^w r.u\ . iam mah nin i«on io<r* ann '° NMR (CDCI3 solution):8; 7.60-7.10 (5H, m); 5.95-5.55 

"cP w! film): V: 34 °°' ll4 ° 9 1?ia l590 ' 1250, 980 (2H, m), 4.85-4.50 (2H, m), 3.62 (3H, s) 2 25 (3H, s). 

NMR (CDCI3 solution): 6; 7.60-7.05 (5H f m), 5.75-5.45 EXAMPLE 9 

(2H,m),5.3O-4.90(lH ) ra) f 3.62(3H,s),2.25(1.5H,s), w . , 

2.21 (l.SH, s), 2.05 (3H, s). 15 Methyl 

9-oxo-llaa,15a-dihydroxy-16(g)-phenyithio-16-meth- 

REFERENCE EXAMPLE 14 ynhi^l7,18,19,20-tetranorprost-trans-13-enoate 

Methyl [16(^PhenyltMo-16-methylthio-17,18,19 > 20-tetranor- 

9a-acetoxy-lla,15a-bis-(2-tetrahydropranyloxy>16(Q- PGEi methyl ester] 

P henylthio-16.methylthio-l7,18, 19,20-tetranorprost- 20 By proceeding as described in Example 5 but replac- 

trans-13-enoate ing the methyl ' 9-oxo- 1 1 a, 1 5a-bis-{2-tetrahy- 

By proceeding as described in Reference Example 10 dropyranyloxy)- 1 6(g)-phenylthio-16-methylthio- 

but replacing the methyl 9a-acetoxy- 1 1 a, 1 5 a-dihy- 17,l8,19,20-tetranorprosta-cis-5 t trans-13-dienoate by 

droxy-16(Q-phenylthio-16-methylthio-17 ( 18 f 19,20-tet- 285 mg. of methyl 9-oxo- 1 la, 1 5a-bis-(2-tetrahy- 

ranorprosta-cis-5,trans-13-dienoate by 375 mg. of 25 dropyranyloxy)- 16(9-phenylthio- 16-methylthio- 

methyl 9a-acetoxy-lla,15o-<Uhydroxy-16(S)-phe- n^SJS^O-tetranorprost-trans-n-enoate (prepared as 

nyltmo-l6-methylthio-17,18, 19,20-tetranorprost-trans- described in Example 8) and utilising a mixture of 0.9 

13-enoale (prepared as described in Example 6) dis- ^ of tetrahydrofuran and 5.8 ml. of a 65% aqueous 

solved in 8 ml. of methylene chlonde, and uuhsmg 7 solution of ^ ^ were obtained 15Q of 

mg. of p-toluenesulphomc acid and 0.34 ml of £M*y- 30 ^ ^ ^ ^ ^ foUowm *^ 

dropyran there were obtained 420 mg. of the title com- acteristics- 

pound having the following physical characteristics: T « nirtniA ' fl i m w t^nn i-ma ison \aatx ocn ™-l 

IR (liquid film): v; 1740, 1590. 1440, 1250, 1030 cm"'; ^StS^^^i^S^ SS £^70 

NMR (CDCI3 solution): 6; 7.60-7.00 (5H. m), 5.80-5.40 ^ 3 ^^H ^1 M «h 2' 

(2H,m),5.2CM.90(lH ( m) l 4.9(M.50(2H,m),3.61 35 2'*^^^ 

(3H, s), 2.23 (3H, s), 2.02 (3H, s). <? H ' m * 2.90-2.58 (1H, m), 2.27 (1.5H, s), 2.24 (l.SH, 

s); 

EXAMPLE 7 TLC (developing solvent, ethyl acetate); Rf = 0.50, 

"« tJ 11 ie u^? 1 ^ « ' j ■ \ * o REFERENCE EXAMPLE 15 

9a-hydroxy- 1 1 a, 1 5a-bis-(2-tetrahydrpy ranyloxy)- 1 8 40 

1 6(Q-phenylthio- 1 6-methylthio- 1 7, 1 8, 19,20-tetranor- Methyl 

prost-trans- 1 3-enoate 9a-acetoxy-l la-(2-tetrahydropyranyloxy)- 1 5a- 

By proceeding as described in Example 3 but replac Wtf**^ 

ing the methyl 9a-acetoxy-l lal5a.bM2-tetrahydro. pentanorprosta-cis-S.trans-BHlienoate 

pranyloxy)- 1 6{£>phenyltmo- 1 6-methylthio- 1 3.2 ml. of a 0.5M solution of n-butyllithium in n-hex- 
17,18,19,20-tetranorprosta-cis-5,trans-13-dienoate by ane were added drop wise to a solution of 720 mg. of 
420 mg. of methyl 9a-acetoxy- lla,l 5a-bis-(2-tetrhydro- 1,3-dithiane in 25 ml. of anhydrous tetrahydrofuran 
pranyloxy>16(€>phenylthio-l 6-methylthio- under an atmosphere of nitrogen at —25* C. and the 
17, 18, 19,20-tetranorprost-trans- 1 3-enoate (prepared as reaction mixture was stirred for 2 hours to give lithio- 
described in Reference Example 14) dissolved in 6 ml. 50 1,3-dithiane. 2.028 g. of la-acetoxy-2a-(6-methoxycar- 
of methanol and utilising 103 mg. of anhydrous potas- bonymex-cis-2-enyl)-3)3-(2-fomyl-Uans-vinyt)-4a-(2- 
sium carbonate there were obtained 395 mg. of the title tetrahydropyranyioxy)-cyclopentane (prepared as de- 
compound having the following physical characteris- scribed in Reference Example 8) were dissolved in 20 
v ^ Acr< t „ An , AMn rtorx , « ml. of tetrahydrofuran, cooled to a temperature below 
^ < S'!?^^^. I7 ^^^? 0 ^i, -eO'C.and.underanatmc^hereofnitrogen.theHthio- 

^ ( «??l5?^^2^waS?rt 1 ' 3 - dithiane Moa - 6btemed * ov * was ■ dded 

(2H. m). 4.9<W.50 (2H. m). 3.62 (3H, s), 2.23 (3H. s). Aoy/ly (he reaction nditale was stirred for 40 

EXAMPLE 8 and then acidified with 2ml. of acetic acid. After evapo- 

Methyl 9-oxo-l la.lSaW-tetrahydropyranyloxy)- » ndon . of ^ »lv««t under reduced pressure ; the residue 

16({> P henylthio-16-methylthio-17,18,19;20-tet- dlsso1 ^ m e * y * • ™f water ' 8,1 

ranoroprost-trans-13-enoate a ^° w » lu ^? n bicarbonate and an aqueous 
By proceeding as described in Example 4 but utilising so, J utIon of sodlum chloride, dned over sodium sulphate 

0.543 ml. of dimethylsulphide and a solution of 414 mg. and concentrated under reduced pressure. The residue 

of N-chlorosuccinimide in 13 ml. of toluene, replacing 65 separated and purified by column chromatography 

the methyl 9a-hydroxy-l lo,15o-bis-(2-tetrahy. on 8,1,08 8« using a mixture of benzene and ethyl ace- 

dropyranyloxy)-16(|)-phenylthio-16.methylthio- tete < 4:1 > M e,uent t0 8>ve 852 mg. of the title com- 
17,18,19,20-tetranorprosta-cis-[5,trans-13-dienoate by P° und . havin 8 foUowing physical characteristics, 
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604 mg. of the 15)3-hydroxy isomer and 594 mg. of the Rf = 0.23. 
starting formyl compound: 

IR (tiguid film):v; 3440, 2940, 2900, 2865, 1730, 1435, 
1380, 1360, 1330, 1250, 1175, 1140, 1085, 1030, 975, 
920, 875 cm" 1 ; 

NMR (CDC1 3 solution);6; 5.90-5.60 (2H, m), 5.55-5.20 
(2H, m), 5.2CW.85 (1H, m), 4.85-4.50 (1H, m), 
4.50-3.15 (8H, m), 3.15-2.65 (4H, m), 2.05 (3H, s); 

TLC (developing solvent, benzene - ethyl acetate = 
1:1); 

Rf = 0.53, (Rf of 15/J-hydroxy isomer = 0.59). 
REFERENCE EXAMPLE 16 
Methyl 

9a-acetoxy- 1 1 a, 1 5a-bis-(2-tetrahydropyranyloxy)- 1 5- 
[2-(l,3-dithiacyclohexyl)]-16, 17, 1 8, 1 9,20-pentanorpros- 
ta-cis-5,trans-l 3-dienoate 

1.48 g. of methyl 9a-acetoxylla-(2-tetrahy- 
dropyranyloxy)- 1 5a-hydroxy- 1 5-[2-(l,3-dithiacy- 
clohexy)]- 1 6, 1 7, 1 8, 1 9,20-pentanorprosta-cis-5,trans- 1 3- 
dienoate (prepared as described in Reference Example 
15) were dissolved in 15 ml. of methylene chloride and 
the solution was reacted with 0.5 ml. of 2,3-dihydropy- 
ran and 8 mg. of p-toluenesulphonic acid at room tem- 
perature for 15 minutes. The reaction mixture was di- 
luted with ethyl acetate, washed with an aqueous solu- 
tion of sodium bicarbonate and an aqueous solution of 
sodium chloride, dried over sodium sulphate and con- 
centrated under reduced pressure to give 1.7 g. of the 
title compound having the following physical charac- 
teristics: 

IR (liquid film;v; 2940, 2860, 1740, 1455, 144a 1385, 

1355, 1315, 1250, 1200, 1185, 1160, 1130, 1080, 1040, 

1030,975, 920, 875 cm" 1 ; 
NMR (CDCI3 solution):6; 5.00-5.20 (4H, m), 5.20-4.80 

(1H, m), 4.80-4.45 (2H, m), 4.45-3.15 (10H, m), 

3.15-2.65 (4H, m), 2.05 (3H, s); 
TLC (developing solvent, benzene - ethyl acetate = 

2:1); 
Rf « 0.62. 

EXAMPLE 10 

9a-Hydroxyr 1 1 a, 1 5a-bis(2-tetrahydropyranyloxy)- 1 5- 
[2-(I,3-dithiacyclohexyl)]- 16,1 7, 1 8, 19,20-pentanor- 
porosta-cis-5,trans-13-dienoic acid 

660 mg. of methyl 9a-acetoxy-lla,15a-bis-(2-tet- 
rahydropyranyloxy)- 1 5-[2-( 1 ,3-dithiacyclohexyl)]- 
16, 17, 1 8, 1 9,20-pentanorprosta-cis-5, trans- 1 3-dienoate 
(prepared as described in Reference Example 16) were 
dissolved in a mixture of 2 ml. of 4N potassium hydrox- 
ide and 7 ml. of methanol and the solution stirred at 
toom temperture for 1 hour. The reaction mixture was 
acidified with an aqueous solution of oxalic acid and 
extracted with ehtyl acetate. The organic extracts were 55 
washed with water and an aqueous solution of sodium 
chloride, dried over sodium sulphate and concentrated 
under reduced pressure to give 580 mg. of the title 
compound having the following physical characteris- 
tics: 60 
IR (liquid fflm):v; 3660, 2950, 2860, 1740, 1710, 1455, 

1440, 1380, 1360, 1325, 1285, 1270, 1250, 1195, 1180, 

1135, 1080, 1040, 1025, 980, 920, 875 cm" 1 ; 
NMR (CDCI3 solution):fi; 8.40 (2H, s), 5.95-5.20 (4H, 

m), 5.15-4.55 (2H, m), 4.45-3.20 (8H, m), 3.20-2.65 65 

(4H, m); 

TLC (developing solvent, methylene chloride - metha- 
nol = 19:1); 



EXAMPLE 11 

15-[2-(l,3-Dithiacyclohexyl)]-16,17 > 18,19,20-pentanor- 
prostaglandin-F^ 

580 mg. of 9a-hydroxy-lla,15a-bis-(2-tetrahy- 
dropyranyloxy)- 1 5-[2-( 1 ,3-dithiacyclohexyl)]- 
16, 1 7, 18, 1 9,20-pentanorprosta-cis-5,trans- 13-dienoic 
acid (prepared as described in Example 10) were dis- 
solved in 5.5 ml. of a mixture of acetic acid, water and 
tetrahydrofuran (65:35:10) and the solution stirred at 40 
to 45* C. for 1.5 hours. The reaction mixture was diluted 
with 50 ml. of ethyl acetate, washed with water and an 
aqueous solution of sodium chloride, dried over sodium 
sulphate and concentrated under reduced pressure. The 
residue was purified by column chromatography on 
silica gel using a mixture of ethyl acetate and n-hexane 
(2:1) as eluent to give 220 mg. of the title compound 
having the following physical characteristics: 
IR (liquid fflm):v, 3680, 3000, 2930, 1730, 1710, 1420, 
1380, 1285, 1250, 1175, 1120, 105a 975, 915, 870 
cm" 1 ; 

NMR (CDCI3 + DMSO-d^ solution):^; 5.73-4.16 (4H, 
m), 4.78 (4H, broad s), 4.39-3.70 (4H, m), 3.10-2.55 
(4H, m); 

TLC (developing solvent, chloroform - tetrahydrofu- 
ran - acetate acid = 10:2:1); 
Rf = 0.11; 

Optical Rotation: [a]© 23 = +44.4° (c=1.0, CHCI3). 
EXAMPLE 12 
Methyl 

9a-hydroxy-l la,15a-bis-(2-tetrahydropyranyloxy)-15- 
[2-(l,3-dithiacyclohexyl)]-16,17,18,193)-pentanorpros- 
ta-cis-5,trans- 1 3-dienoate 

1.04 g. of methyl 9a-acetoxy- 1 1 a, 1 5a,-bis-(2-tetrahy- 
d^opyranyloxy)-15-[2-(l I 3-dithiacyclohexyI)]- 
1 6, 17, 1 8, 1 9,20-pentanorprosta-cis-5,trans-13-dienoate 
40 (prepared as described in Reference Example 16) were 
dissolved in 15 ml. of absolute methanol and the solu- 
tion stirred with 300 mg. of potassium carbonate at 40 to 
45" C. for 2 hours. The reaction mixture ws then poured 
into a chilled mixture of dilute hydrochloric acid and 
ethyl acetate and extracted with ethyl acetate. The 
organic extracts were washed with an aqeuous solution 
of sodium bicarbonate and an aqueous solution of so- 
dium chloride, dried over sodium sulphate and concen- 
trated under reduced pessure to give 782 mg. of the title 
compound having the following physical characteris- 
tics: 

IR (liquid film):v; 3460, 2945, 1740, 1455, 1440, 1380, 
1360, 1325, 1285, 1250, 1200, 1185, 1160, 1130, 108a 
1040, 1020, 980, 920, 875 cm' 1 ; 
NMR (CDCI3 solution):8; 5.80-5.05 (4H, m), 5.05-4.45 

(2H, m) ( 4.45-3.10 (11H, m), 3.10-2.60 (4H, m); 
TLC (developing solvent, benzene - ethyl acetate = 

2:1); 
Rf » 0.39. 

EXAMPLE 13 
Methyl 

9<>xo-lla 1 15a-bis-(2-tetrahydropyranyloxy>15-[2-(l l 3- 
dithiacyclohexyl)]-16,17,18,19,20-pentanorprosta-cis- 
5, trans- 1 3-dienoate 

Under an atmosphere of nitrogen, 2 ml. of dimethyl 
sulphide were added to a solution of N<Worosuccini- 
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mide in 20 ml of toluene and the solution stirred for 10 aqueous solution of sodium chloride, dried over raagne- 

minutes at 0* C. and then for 1 hour at —24* C. A solu- sium sulphate and concentrated under reduced pressure 

tion of 595 mg. of methyl 9a-hydroxy-llct,15a-bis-(2- to gi ve 6 .g gt 0 f the title compound having the follow- 

tetrahydropyranyloxy)- 1 5-[2-( 1 , 3-dithiacyclohexy 1)]- mg physical characteristics: 

16 ( 17 t 18,19 ( 20.pentanorprosta.cis-5,trans-13-dienoate 5 IR (CHCI3 solution):v: 2960, 2940, 2860, 1465, 1430, 

(prepared as described in Example 12) in 20 ml. of tolu- 1385, 1280, 1240, 1 180, 915 cm" 1 * 

ene was added dropwise to the reactipn mixture at nmr (CDC1 solution)^; 4.04 (1H, t), 3.30-2.50 (4H, 

—50 C and stirred for 2 hours at —25 C. A solution m \ q $q t \ 

of 2 ml. of triethylamine in 2 ml. of n-pentane was added 

to the mixture, which was then diluted with diethyl 10 REFERENCE EXAMPLE 18 

ether and stirred for 10 minutes. The reaction mixture Methvl 
was diluted with ethyl acetate, washed successively 0 * h/^**i_j 1 \i 

with chilled hydrochloric acid, water, an aqueous solu- . **-acetoxy-n^ 

tion of sodium bicarbonate and an aqueous solution of hydroxy- 1 6. 16.(l t 5.di^apentano>prosta-cis-5,trans- 
sodium chloride, dried over sodium sulphate and con- j S 13-dienoate 
centrated under reduced pressure. The residue was 6.9 ml. of a 1.6M solution of n-butyllithium in n-hex- 

purified by column chromatography on silica gel using ane were added dropwise to a solution of 1.76 g. of 

a mixture of benzene and ehtyl acetate (7:1) as eluent to 2-n-butyM,3-dithiane (prepared as described in Refer- 

give 547 mg. of the title compound having the follow- ence Example 17) in 30 ml. of tetrahydrofuran under an 

ing physical characteristics: 20 atmosphere of nitrogen at -20° to -25° C and the 

IR (liquid filra):v; 2940, 1745, 1455, 1440, 1380, 1360, reaction mixture was stirred at the same temperature for 

1330, 1250, 1200, 1 160, 1 130, 1080, 1040, 1025, 980, % hours. The reaction mixture thus obtained was added 

920, 875 cm *; dropwise at -78° C. to a solution of 3.1 g. of la- 

NMR (CDCI3 solution):5; 5.85-5.20 (4H, m), 4.90-4.50 acetoxy.2a-(6-methoxycarbonylhex^is-2-enyl)-3/8-(2- 

(2H m), 4.35-3.25 (10H, m), 3.05-2.47 (5H, m); 25 formyl-trans-vinyl)-4a-(2-tetrahydropyranyloxy)- 

TLC (developing solvent, benzene - ethyl acetate » cyclop entane (prepared as described in Reference Ex- 

Rf — 0 fil ample 8) in 50 ml. of tetruhydrofuran and the reaction 

Rf — 0.01. mixture was stirred at the same temperture for 1 hour. 

EXAMPLE 14 Then 2 ml. of acetic acid were added to the reaction 

i< n /1 1 >i-*i.* 1 u mun.cniA * 30 mixture, which was concentrated under reduced pres- 

15-[2^,3Hhthmc^ohc^ sure ^ was danted ^ ethy , -c P -te> 

2 , washed with water, an aqueous solution of sodium chlo- 

547 mg. of methyl 9-oxo-lla,15a-bis-(2-tetrahy- ride and an aqueous solution of sodium bicarbonate, 

dropyranyloxy)-15-[2-(l,3,-dithiacyclohexyl)]- dried over sodium sulphate and concentrated under 

lejn.lS.^^O-pentanorprosta-cis-S^rans-n-dienoate 35 reduced pessure. The residue was purified by column 

(prepared as described in Example 13) were dissolved in chromatography on silica gel using a mixture of ben- 

5.5 ml. of a mixture of aceticacid, water and tetrahydro- zcn e and ethyl acetate (4:1) as eluent to give 2.01 g. of 

furan (65:35:10) and the solution stirred at 40° to 45' C. the tiUe comp ound having the following physical char- 

for 1.5 hours. The reaction mixture was then diluted acteristics* 

with 50 ml of ethyl acetate, washed with ^waterandan 40 IR (Uquid film):v; 3450, 2940, 2860, 1740, 1440, 1380, 
aqueous solution of sodium chloride, dried over sodium 1325( 12 50, 1135, 1080, 1030, 975, 920 cm" 1 - 

sulphate and concentrated under reduced pressure. The ^ (CDCl ^rim)*; 6.00-5.65 (2H, m), 5.65-5.21 
residue was purified by column chromatography on m* m \ 5 21-4 90 f lR m\ 4 90-44W2H m \ l*R 
silica gel using a mixture of ethyl acetate and n-hexane g£ f 3 "1 ™ <£ ^^\S?^J 9 f 

(1:1) as eluent to give 234 mg. of the title compound 45 tt ? <<An JZ ^ ^if £ ( H> 5' ?' 9 ° ??• t); 

having the following physical characteristics: TLC (developing solvent, benzene - ethyl acetate = 

IR (liquid film):v; 3400, 3000, 2950, 2900, 1740, 1440, ' *_ y > - fl 

1370, 1320, 1285, 1255, 1160, 1085, 1035, 975, 915, 880 KI ~ K} ^' 

cm ~ ! ; REFERENCE EXAMPLE 19 

NMR (CDCI3 solution):6; 5.83-5.65 (2H, m), 5.50-5.26 50 . . , t 

(2H, m), 4.48-4.28 (1H, m), 4.28-3.38 (2H, m), 3.66 n Methyl , , 

(3H, s), 3.23 (3H, s), 3.00-2.55 (5H, m); 9a-acetoxy-l la,15(9-bis-(2-tetrahydropyranyloxy)- 

TLC (developing solvent, chloroform - tetrahydrofu- 16,16-(l,5-dithiapentano)-prosta-cis-5,trans-13dienoate 

ran - acetic acid = 10:2:1); 19 mg. of p-toluenesulphonic acid and 4 ml. of 2,3- 

Rf = 0.40. 55 dihydropyran were added to a solution of 4.97 g. of 

REFERENCE EXAMPLE 17 methyI 9ct-acetoxy- 1 la-(2-tetrahydropyranyIoxy)- 

1 5(£)-hydroxy- 1 6, 1 6-( 1 ,5-dithiapentano)-prosta-cis- 

2-n-Butyl-l,3-dithiane 5,trans-13-dienoate (prepared as described in Reference 

30 ml. of a 1.6M solution of n-butyllithium in n-hex- Example 18) in 200 ml. of methylene chloride and the 

ane were added dropwise to a solution of 4.8 g. of 1,3- 60 reaction mixture was stirred at room temperaure for 20 

dithiane in 150 ml. of tetrahydrofuran under an atmo- minutes, diluted with ethyl acetate, washed with an 

sphere of nitrogen at —20° to —25* C. After 2 hours aqueous solution of sodium bicarbonate and an aqueous 

stirring, 6 g. of n -butyl bromide in 60 ml. of tetrahydro- solution of sodium chloride, dried over sodium sulphate 

furan were added dropwise to the reaction mixture, and concentrated under reduced pressure. The residue 

which was stirred for 1 hour at —20* to — 25° C. and for 65 was purified by column chromotography on silica gel 

a further 30 minutes at room temperture and then con- using a mixture of benzene and ethyl acetate (5:1) as 

centrated under reduced pressure. The residue was eluent to give 4.2 g. of the title compound having the 

dissolved in diethyl ether, washed with water and an following physical characteristics: 
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IR (liquid Ghn):v; 2940, 2860, 1740, 1660, 1455, 1440, BYAMPI „ 17 

1380, 1360, 1330, 1250, 1200, 1185, 1160, 1140, 1125, baamti-is 

1080, 1040, 1025, 980, 920, 875, 820, cm' } ; Methyl 

NMR (CDd 3 solution):6; 6.10-5.49 (2H, m), 5.49-5.19 9-oxo-lla,15(©-bis-(2-tetrahydropyranyloxy)-16,16- 

(2H, m), 5.19-4.25 (4H, m), 4.25-3.18 (8H, m), 2.04 5 (l,5-dithiapentano>prosta-ci8-5,trans-13-dieiioate 

^ 3H * 2.0 ml. of dimethylsulphide were added to a solution 

EXAMPLE 15 of 1.6 g of N-chJorosuccinimide in 50 ml. of toluene at 



Methyl 



—25° C. After stirring for 1 hour, a solution of 1.7 g. of 



9a-hydroxy-lla,15(Q-bis-(2-tetrahydropyranyloxy)- 10 methyl 9a-hydroxy^la t 15(€H2-tetrahydropyranylox- 
1 6, 1 6-( 1 ,5 -dithiapentano)-prosta-cis-5,trans- 1 3-dienoate y)- 1 6 J 6-( 1 , 5 -dithiapentano)-prosta-cis-5, trans- 1 3-dieno- 
A , A . - , - - *u ia * 1 1 ate (prepared as described in Example 15) in 30 ml. of 
A solution of 4.2 * of methyl 9a ; acetoxy.lla,15(€> tolu £ e ^ added ^ ^ reaction was stirred 
bis<2-tetrahyaVop^ _ 2r c for 2 ^ ^ of 3 0 ^ of 
prosta-cis-5,trans-13-dienoate (prepared as described in 15 *\ . iU f * , / * ' " ™ " 
Reference Example 19) in 40 mTof methanol was 15 tndhylmime m 5 ml of n-pentane was added to the 
stirred with 1.0 g of potassium carbonate at 40« to 45° rcactl ° n mixture, which was stirred at the same temper- 
C. for 1 hour. The reaction mixture was poured into a aturc for 5 ™ d * ">° m temperature for a fur- 
chilled mixture of dilute aqueous hydrochloric acid and mer 30 minutes, diluted with 20 ml. of diethyl ether and 
diethyl ether and extracted with ethyl acetate. The 20 extracted with ethyl acetate. The extracts were washed 
extracts were washed with an aqueous solution of so- with chilled aqueous hydrochloric acid, an aqueous 
dium bicarbonate and an aqueous solution of sodium solution of sodium bicarbonate and an aqueous solution 
chloride, dried over sodium sulphate and concentrated of sodium chloride, dried over sodium sulphate and 
under reduced pressure. The residue was purified by concentrated under reduced pressure. The residue was 
column chromatography on silica gel using a mixture of 25 purified by column chromatography on silica gel using 
benzene and ethyl acetate (5: 1) as eluent to give 3. 1 1 g. a mixture of benzene and ethyl acetate (7: 1) as eluent to 
of the title compound having the following physical give 1.4 g. of the title compound having die following 
characteristics: physical characteristics: 

IR (liquid film>v; 3460, 2950, 2870, .1745, 1665, 1460, tr <Hqui<l film):v; 2940, 12860, 1745, 1715, 1455, 1440, 

1440, 1360, 1330, 1285, 1270, 1250, 1200, 1190, 1160, 30 14l5> 1380 , 1360f 1330f 1250, 1200, 1160, 1130, 1080, 

1140, 1120, 1080, 1030, 980, 920, 880, 820 cm" 1 ; 1040# 1025t 980f 915 875( 82rj ^-l 

NMR^ (CDCI3 i»hJo#, 6.00-5.20 (4H, m) 5.KM.33 XLC (devdopiag ^lvent, benzene - ethyl acetate = 

(3H), m), 4.33-3.22 (9H, m); 2 -n- 

TLC (developing solvent, benzene - ethyl acetate = Df _U 

2:1). 35 ~ otsb ' 

Rf = 0.52. EXAMPLE 18 

EXAMPLE 16 Methyl 

Methyl 9-oxo- 1 la, 1 5a,-dihydroxy-16, 1 6-( 1 , 5-dithiapentano)- 

9o,lla,15a-Trihydroxy-16 ( 16-(l,5-dithiapentano>pros- 40 prosta^is-5 I trans-13 ; dienoate 

ta-cis-5,trans-13-dienoate [16,16-(l,5-Dithiapentano>PG^ methyl ester] 

tl6,16-(l,5-Dithiapentano>PGF2 a methyl ester] 1.4 g . Q f methyl 9k>xo- 1 1 a, 1 5(£>bis-(2-tetrahy- 

1.0 g. of methyl 9a-hydroxy-lla,15(Q-bis-(2-tetrahy- dropyranyloxy)-16,16Xl,5<uthkp^^ 
drop yranyl6xy)-16, 1 6-( 1 ,5-dithiapentano)-prosta-cis- 45 trans- 1 3-dienoate (prepared as described in Example 17) 
5, trans- 1 3-dienoate (prepared as described in Example were dissolved in a mixture of 3 ml of tetrahydrofuran 
15) were dissolved in a mixture of 2 ml. of tetrahydrofu- and 30 ml. of a 65% aqueous solution of acetic acid and 
ran and 20 ml. of a 65% aqueous solution of acetic acid the reaction mixture was stirred at 40° to 45° C. for 2 
and the reaction mixture was stirred at 40° to 45° C for hours, diluted with ethyl acetate, washed with water, an 
2 hours and then extracted with ethyl acetate. The ex- gg aqueous solution of sodium bicarbonate and an aqueous 
tracts were washed with water, an aqueous solution of solution of sodium chloride, dried over sodium sulphate 
sodium bicarbonate and an aqueous solution of sodium m ^ concentrated under reduced pressure. The residue 
chloride, dired over sodium sulphate and concentrated was purified by column chromatography on silica gel 
under reduced pressure. The residue was purified by m]ng a mixture of cyclohexane and ethyl acetate (5:2) as 
colmnn chromatography on silica .gel usmgamixtoeof 55 ^ nent to give 6.3 mg. of the title compound, having the 
cyclohexane ^ followin ph ^ characteristicS| ^ 275 ^ of ^ 

mg. of the title compound, having the following physi- i 5 fl_hvdroxv isomer 

cal characteristics, and 190 mg. of the 15/*-hydroxy ^ ^ ^ 2950 m ^ ^ 

fecSiid film):v; 3400, 3000, 2950, 2930, 2860, 174a 60 144 * 1380 ' 1320 ' 1285 ' 1250 > ll60 > «*■ 1050 ' 980 

1660, 1435, 1370, 1320, 1280, 1250, 1175, 1100, 1060; * _ , . % ft ^ M m mm 

1030 975 cm" 1 - (CDa 3 solution):8; 6.00-5.75 (2H, m), 5.52-5.28 

NMR (CDCI3 solution):v; 5.90-5.60 (2H, m), 5.60-5.25 ( m > m )» 4.68-4.48 (1H, m), 4.28-3.92 (1H, m), 3.67 

(2H, m), 4.60-4.40 (1H, m) 4.30-3.80 (2H, m), 3.16 (3H, s), 3.30-2.54 (7H, m); 

(3H, s), 2.70-2.11 (7H, m); 65 TLC (developing solvent, benzene - ethyl acetate 

TLC (developing solvent, ethyl acetate); 2:3); pO Rf » 0.36; (Rf of the 150-hydroxy isomer = 

Rf = 0.44; (Rf of the 15/3-hydroxy isomer = 0.53), a44). 

Optical Rotation: fab 23 = +44.8" (c= 1, CHCI3). Optical Rotation: [a]/? 23 = -47.0° (c=l, CHCI3). 
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REFERENCE EXAMPLE 20 

la-Acetoxy-2a-(6-methoxycarbonylhexyl)-3)3-(2-for- 
mylethyl)-4a-(2-tetrahydropyranyloxy)-cyclopentane ^ 

1.0 g. of 5% palladium of carbon was suspended in 50 
ml. of methanol and after the air in the apparatus was 
replaced by hydrogen, a solution of 1.95 g. of la- 
acetoxy-2a-(6-methoxycarbonylhex-cis-2-enyl)-3)3-<2- 
formyl-trans-vmyl)-4a-(2-tetrahydropyranyloxy)- 10 
cyclopentane (prepared as described in Reference Ex- 
ample 8) in 10 ml. of methanol was added thereto. Cata- 
lytic reduction of the compound was carried out at 
room temperature under ambient pressure for 1 hour. j 5 
After completion of the reaction, the catalyst was fil- 
tered off and the filtrate was concentrated under re- 
duced pressure to give 1.925 g. of the title compound 
having the following physical characteristics: 
IR Giquid fflm):v; 2940, 2855, 2730, 1740, 1440, 1380, 20 

1330, 1255, 1200, 1180, 1140, 1085, 1040, 980, 925, 

910, 880, 820 cm" 1 ; 
NMR (CDC1 3 solution):8; 5.35-4.95 (1H, m), 4.78 -4.35 

(1H, m), 4.25-3.20 (6H, m), 10.O-9.80 (1H, broad s); 25 
TLC (developing solvent, benzene - ethyl acetate = 

2:1); 
Rf = 0.62. 

REFERENCE EXAMPLE 21 30 
Methyl 

9a-acetoxy-l la-(2-tetrahydropyranyloxy)- 1 5(£)- 
hydroxy- 1 6, 1 6-(l ,5-dithiapentano)-prostanoate 

4.3 ml. of a 1.5M solution of n-butyllithium in n-hex- 35 
ane were added dropwise to a solution of 1.05 g. of 
2-n-butyl-l,3-dithiane (prepared as described in Refer- 
ence Example 17) in 14 ml. of tetrahydrofuran under an 
atmosphere of nitrogen at — 4 C to — 25* C. and the 
reaction mixture was stirred at the same temperature for 
2 hours. The reaction mixture thus obtained was added 
dropwise at —78" C to a solution of 1.925 g. of la- 
acetoxy-2a-(6-methoxycarbonylhexyl-30-(2-fornyl- 
ethyl>4a-(2-tetrahydropyranyloxy)-cyclopentane (pre- 45 
pared as described in Reference Example 20) in 20 ml. 
of tetrahydrofuran and the reaction mixture was stirred 
at the same temperature for 1 hour. Then 1 ml. of acetic 
acid was added to the reaction mixture, which was 
concentrated under reduced pressure. The residue was 50 
dissolved in ethyl acetate, washed with water, an aque- 
ous solution of sodium bicarbonate and an aqueous 
solution of sodium chloride, dried over sodium sulphate 
and concentrated under reduced pressure. The residue 55 
was purified by column chromatography on silica gel 
using a mixture of benzene and ethyl acetate (8:1) as 
eluent to give 1.5 g. of the title compound having the 
following physical characteristics: 

IR Oiquid film):v; 3450, 2930, 2850, 1740, 1440, 1380, 60 
1250, 1200, 1175, 1135, 1080, 1030, 980, 920, 875, 815 
cm -1 ; 

NMR (CDCl 3 solution);5; 5.30-4.93 (1H, m), 4.80-4.40 
(1H, m), 4.35-3.25 (7H, m). 3.25-2.53 (4H, m), 2.05 65 
(3H,s),0.90(3H,t); 

TLC (developing solvent, benzene - ethyl acetate = 
3:1); Rf = 0.57. 



REFERENCE EXAMPLE 22 
Methyl 

9a-acetoxy-l la,l 5(£)-bis-(2-tetrahydropyranyloxy)- 
16, 1 6-( 1 ,5-dithiapentano)-prostanoate 

By proceeding as described in Reference Example 19 
but replacing the methyl 9a-acetoxy-lla-(2-tetrahy- 
dropyranyloxy)-15(g>-hydroxy-16,16-(l,5-dithiapen- 
tano)-prosta-cis-5,trans-13-dienoate by 2.2 g. of methyl 
9a-acetoxy-l la-(2-tetrahydropyranyloxy)- 1 5(0- 
hydroxy-16, 1 6-( l,5-dithiapentano)-prostanoate (pre- 
pared as described in Reference Example 21) dissolved 
in 20 ml. of methylene chloride and utilising 8 mg. of 
p-toluenesulphonic acid and 0.7 ml. of 2,3-dihydropyran 
there were obtained, without purification by column 
chromatography, 2.5 g. of the title compound, having 
the following physical characteristics: 
IR (liquid film):v; 2940, 2850, 1740, 1450, 1440, 1380, 

1360, 1325, 1250, 1200, 1160, 1135, 1080, 1040, 975, 

910, 875 cm- 1 ; 
NMR (CDCl 3 solution):8; 5.36-4.40 (3H, m), 4.40 -3.20 

(9H, m); 

TLC (developing solvent,, benzene • ethyl acetate = 
4:1); Rf = 0.60. 

EXAMPLE 19 
Methyl 

9a-hydroxy- 1 la, 1 5(€)-bis-(2-tetrahydropyranyloxy)- 
16, 1 6-( 1 ,5-dithiapentano)-prostanoate 

By proceeding as described in Example 15 but replac- 
ing the methyl 9a-acetoxy-lla,15(5)-bis-(2-tetrahy- 
dropyranyloxy)- 1 6, 1 6-(l , 5-dithiapentano)-prosta-cis- 
5,trans-13-dienoate by 2.5 g. of methyl 9a-acetoxy- 
lla,15(Q-bis-(2-tetrahydropyranyloxy)-16,16-(l l 5- 
dithiapentano)-prostanoate (prepared as described in 
Reference Example 22) dissolved in 30 ml. of methanol 
and stirred with 200 mg. of potassium carbonate at 45° 
to 50° C. for 1.5 hours, and using a mixture of benzene 
and ethyl acetate (7:1) as eluent there were obtained 889 
mg. of the title compound having the following physi- 
cal characteristics: 

IR (liquid film):v; 3530, 2940, 2850, 174a 1650, 1625, 
1480, 1455, 144a 1380, 1360, 1330, 1280, 1250, 1200, 
1180, 1160, 1135, 1080, 1035, 99a915,875, 820cm" 1 ; 
NMR (CDCI3 solution):^; 5.10-4.50 (2H, m), 
4.40-3.23 (10H, m); 

TLC (developing solvent, benzene - ethyl acetate => 
4:1); Rf = 0.40. 

EXAMPLE 20 
Methyl 

9a,lla,15(0-trmydroxy46,16^1,5-dithiapentano)pros- 
tanoate 

[16,16-(l,5-Dithiapentano>13,14-dihydro-15K)- 
PGF la methyl ester] 

By proceeding as described in Example 18, but re- 
placing the methyl 9-oxo-lla,15(g)-bis-(2-tetrahy- 
dropyranyloxy)-16,16^1,5-dithiapentano)-prosta-cis- 
5,trans-13-dienoate by 423 mg. of methyl 9a-hydroxy- 
lla,15(5)-bis-(2-tetrahydropyranyloxy)-16,16-(l,5- 
dithiapentano>prostanoate (prepared as described in 
Example 19) and utilising a mixture of 1 ml of tetrahy- 
drofuran and 10 ml. of a 65% aqueous solution of acetic 
acid, and using a mixture of cyclohexane and ethyl 
acetate (2:1) as eluent there were obtained 280 mg. of 
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the title compound having the following physical char- TLC (developing solvent, benzene - ethyl acetate = 
acteristics: 2:3); Rf = 0.49. 

IR (liquid fiJm):v; 3430, 2940, 2850, 1740, 1440, 1285, REFERENCE EXAMPLE 23 

1260, 1200, 1180, 1120, 1080 cm" 1 ; „ 
NMR (CDC1, solution):6; 4.45-3.80 (3H, m), 3.65 (3H, 5 Methyl 9a,l la,15(0-trihydroxy-16^xo-prostanoate 

s), 3.30-2.60 (7H, m); [16-Oxo-13,14-dihydro-15(S>PGF la methyl ester] 

TLC (developing solvent, benzene - ethyl acetate = Undef m atmosp here of nitrogen, a solution of 280 

2:3); Rf = 0.41. mg< of i6,l6<l,5-dthiapentano)-13 f 14-dihydro-L5K)- 

EXAMPLE 21 in PGFi= methyl ester (prepared as described in Example 

20) in 5 ml. of acetonitrile was added dropwise at 0" C. 
Methyl t x A , . , to a solution of 243 mg. of N^hlorosuccinimide and 348 

9a-oxo-l la,15(^bis-(2-tetrahydropyranyloxy)-16,16. 0 f silver nitrate in a mixture of 10 ml. of acetonitrile 

(l ( 5^dithiapentano)-prostanoate md 4 ^ of waten After stirring for 25 minutes, 1 ml. of 

0.5 ml. of dimethylsulphide was added to a solution of J5 dimethyl sulphoxide was added to the reaction mixture, 
400 mg. of N^Uorosuccinimide in 1 5 ml. of toluene at which was then stirred for 30 minutes at room tempera- 
—25° C. and the solution was stirred at -20° to —25° ture. The reaction mixture was extracted with a mixture 
C for 1 hours. To the solution thus obtained, a solution of ethyl acetate and diethyl ether (1:2). The extracts 
of 465 mg. of methyl 9a-hydroxy-lla,15(£>bis-(2-tet- we re washed with a saturated aqueous solution of am- 
Kuiyd^opranyloxy)-16,16-(l,5Kiithiapentano>prostano- 2 n monium chloride, water and an aqueous solution of 
ate (prepared as described in Example 19) in 10 ml. of sodium chloride, dried over sodium sulphate and con- 
toluene was added and the reaction mixture was stirred centrated under reduced pressure. The residue was 
at —25* C. for 2 hours. Then a solution of 1 ml. of purified by column chromatography on silica gel using 
triethylamine in 1.5 ml. of n-pentane was added to the a mixture of cyclohexane and ethyl acetate (1:1) as elu- 
reaction mixture, which was stirred at room tempera- 2J en t to give 74 mg. of the tide compound having the 
ture for 10 minutes, diluted with 10 ml. of diethyl ether, following physical characteristics: 
stirred for a further 10 minutes, and then diluted with jr (liquid film): v; 3400, 2920, 2840, 1735, 1710, 1640, 
ethyl acetate. The mixture was then washed succes- 1460, 1450, 1435, 1360, 1260, 1200, 1170, 1115, 1070, 
sively with chilled dilute aqueous hydrochloric acid, 1040 cm -1 ; 

chilled water, an aqueous solution of sodium bicarbon- 3Q nmr (CDCI3 solution): 8; 4.28-3.75 (3H, m), 3.64 (3H ( 
ate and an aqueous solution of sodium chloride, dried s ), 2.78 (3H, broad s), 2.47 (2H, t), 2.29 (2H, t); 
over sodium sulphate and concentrated under reduced jlc (developing solvent, benzene - ethyl acetate = 
pressure. The residue was purified by column chroma- 2:3); Rf = 0.21. 

tography on silica gel using a mixture of benzene and n^Dcvrc DV Aum rr ia 

ethyl acetate (8:1) as eluent to give 346 mg. of the title 35 REFERENCE EXAMPLE 24 

compound having the following physical characteris- Methyl 9,16KUOXo-llct,15(9-dihydroxy-prostanoate 
tics. [16-oxo-13,14-dihydro-15(0-PGEi methyl ester] 

n«' iln q Im cm-i but replacing the 16,16(l>dilliiwaiino)13,14Hlil|^ 

N^ffi!2ffi" 5«M4a(ZH m) 442-3.20 40 dro-15(©.PGF la methyl ester by 240«ng. of 16.16-(1.5- 
NMR (CDCI3 solution;. t>, 3.«J-».4-£ (in, m/, *m i.tv dithiapentano)-^, 14-dihydro-15(g>PGE, methyl ester 

TLC(developing solvent, benzene - ethyl acetate - ^"^T^^^^^^f^i^lt 

4-iv Rf — 0 49 of acetonitrile, utilising a solution of 243 mg. of N- 

4: * — chlorosuccinimde and 348 mg. of silver nitrate in a 
EXAMPLE 22 45 mixture of 10 ml. of acetonitrile and 4 ml. of water and 

Methyl 9-oxo-l lo,15(W using a mixture of cyclohexane and ethyl acetate (5:2) as 

^ydTOxy-16,l<Kl,5^tluar^to)prostanoate eluent there ^were obtained 63mg. of the title compound 

ne^^^pen^-^Kjlihydro-U^POE, *^£™i^*g^ m 143 5, 

y J f 50 1400, 1360, 1245, 1200, 1170, 1120, 1075 cm- 1 ; 

By proceeding as described in Example 18 but replac- ( CD ca 3 solution): 8; 4.35-3.95 (2H, m), 3.63 (3H ( 

ing the methyl 9-oxo-l la,15(g>-bis-(2-tetrahy- ^ 3 03 _ 2 .58 (3H, m), 2.48 (2H, t), Z28 (2H, t); 

d^opyranyloxy)-16,16-(l l 5-d^thiapentano)-proste-cis- TLC (developing solvent, benzene - ethyl acetate = 

5,trans-13-dienoate by 346 mg. of methyl 9-oxo- 2:3 * Rf — 0.44. 
lia,15(04)isK2-tetrahydropyranyloxy>16,16-(l,5- 55 

dithiapentano)prostanoate (prepared as described in REFERENCE EXAMPLE 25 

Example 21) dissolved in a mixture of 1 ml. of tetrahy- Methyl 

drofuran and 10 ml. of a 65% aqueous solution of acetic 9a-acetoxy41a-(2-tetrahydropyranyloxy)-15(g)- 

acid, stirring the reaction niixture at 40° to 45° C for 1.5 hydroxyO6(0-phenyltmo-16-methyltmo-l7,18,19,2r> 

hours, and using a mixture of cyclohexane and ethyl 60 tetranorprostanoate 

acetate (2:1) as eluent there were obtained 240 mg. of 

the title compound having the following physical char- By proceeding as described in Reference Example 9 

acteristics- out utilising the reaction mixture obtained from 2.35 mL 

IR (liquid film): v* 3430, 2940, 2850, 1740, 1455, 1440, of a 1.4M solution of n-butyUithium in n-hcxane and a 

1420, 1380, 1330, 1285, 1245, 1200, 1175, 1120, 1080, 65 solution of 0.491 mL of phenyithiomethylthio-methane 

1050* 1020 cm -1 ; (prepared as described in Reference Example 1) in 6 ml. 

NMR (CDa 3 solution): 8; 4.40-3.80 (2H, m), 3.65 (3H, of teti^yd^furan and replacing the la-acetoxy-2a-(6- 

s), 3.20-2.58 (7H, m); metiu»ycarbonylhex-cis-2«y^ 
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vinyl)-4a-(2-tetrahydropyranyloxy)cyclopentane by EXAMPLE 24 
700 mg. of la-acctoxy-2a-(6-incthoxycarbonylhexyl)- 

3)3-(2-formyl-ethyl>4a-(2-tetrahydropyranyloxy> Methyl 

cyclopentane (prepared as described in Reference Ex- 9-oxo-l la, I5(g)-bis-(2-tetrahydropyranyloxy)-16(£)- 

ample 20) dissolved in 12 ml. of tetrahydrofuran and 5 phenylthio-16-methylthio-17 ( 18,19 ( 20-tetranorpros- 

stining the reaction mixture at -70* C. for 1.5 hours tanoate 

and at room temperature for 20 minutes, and using a By proceeding as described in Example 4 but utilising 

mixture of benzene and ethyl acetate (6:1) as eluent 0.1S2 ml. of dimethylsulphide and 117 mg. of N- 

there were obtained 400 mg. of the title compound 10 chlorosuccinimide in 3.7 ml. of toluene, replacing the 

having the following physical characteristics: methyl 9a-hydroxy-lla,15a-bis-(2-tetrahy- 

IR (liquid film): v; 3450, 1740, 1590, 1440, 1260, 1030 dropyranyloxy)-16(0.phenylthio-16-methylthio- 

760 cm ~ 1 • 17, 1 8, 1 9,20- tetranorprosta-cis-5, trans- 1 3-dienoate by 

NMR (CDC1 3 solution): 6; 60-7.00 (5H, m) 5.20-4.85 \ l0m & of £ 9a.hydroxy-ila,15(0.bis<2.tetrahy- 

(1H, m), 4.70-4.35 (1H, m), 3.63 <3H, s), 2.22 (1.5H, s), 15 ^opyran^ 

2 12 (1 5H s) 2 02 <3H si 17,18,19,20-tetranorprostanoate (prepared as described 

' h ' v ' } ' in Example 23) dissolved in 1.5 ml. of toluene and utilis- 

REFERENCE EXAMPLE 26 ing a solution of 0.217 ml. of triethylamine in 0.31 ml. of 

M - - n-pentane there were obtained, without purification by 

n * 11 i*/*\vw^* 1 * 30 column chromatography, 90 mg. of the title compound 

9a-^^ 20 having me following physical characteristics: 

I6(g)-phenylthio-l6-methylthio-l7,18,l9,20-tetranor- ir (liquid film), v; I740, 1710, 1590, 1440, 1030, 760 * 

prostanoate cm -1 ; 

By proceeding as described in Reference Example 10 ***** (CDCl 3 solution): 8; 7.60-7.00 (5H, m), 4.8CM.40 

but utilising 0.1 mL of 2,3-dihydropyran and a small 25 ( 2H> m )' 362 ( 3H ? s )« 2,24 ( 1,5H » s) > 2 - 20 < 1 - 5H » 8 )* 

amount of p-toluenesulphonic acid, replacing the ' EXAMPLE 25 

methyl 9a-acetoxy-lla,15a-dihydroxy-16(g)-phe- Meth 1 

S.traiu-lSKlienoate by 255 mg- of methyl 9a-acetaxy- ylthioS^20^tr^Spro4noate 

lla<2-tetrahydro^^^ 30 [16( Q.p henylthio . 16 . mcth y lthio-17,18,19.20-tctraiior. 
phenylthio-16-methylthio-17,18.1W0-tetranorpros- 13,14-dihydro-15(0-PGEi methyl ester ] 

tanoate (prepared as described in Reference Example „ , ... ..,»*.. „ 

25)dissolvedin 3 ml. of methylene chloride and usinga . 90 m * of ™**V 9 ^£^ 

mixture of benzene and ethyl acetate (15:1) as eluent « Jl^W^ 

*7 ^. J , "7 J * 35 17, 1 8, 19,20-tetranorprostanoate (prepared as described 

fcere were obtained 200 mg. of the title compound k Bxm ^ 24) we £ ^^mc of 0 35 ^ 

havmg the following physical characteristics: of tetrahydrofuran and 2.25 ml. of a 65% aqueous solu- 

IR (kquid film): v; 1740, 1590, 1440, 1250, 1030, 760 tion of acetic acid and the reaction mixture was stirred 

cm" l ; at 40° C. for 1.5 hours, poured into water and extracted 

NMR (CDC1 3 solution: 8; 7.60-7.00 (5H, m), 5.15-4.80 40 with ethyl acetate. The extracts were washed with an 

(1H, m) 4.80-4.40 (2H; m), 3.62 (3H, s), 2.25 (1.5H, s), aqueous solution of sodium bicarbonate, water and an 

2.20 (1.5H, s), 2.02 (3H, s). aqueous solution of sodium chloride, dried over magne- 

sium sulphate and concentrated under reduced pres- 

EXAMPLE 23 sure. The residue was purified by column chromatogra* 

Methyl 45 phy on silica gd using a mixture of ethyl acetate and 

9a-hydroxy01a,15(Q^is<2-tetrahydropyranyloxy)- cyclohexane (1:3) as eluent to give 42 mg. of the title 

16(€)-phenylthio-16-methylthio-17,18,19,20-tetranor- ^ p0Und hflvmg ^ foUowin g physical characteris- 

prostanoate (developing solvent, ethyl acetate - cyclohexane 

By proceeding as described in Example 3 but replac- so = 5:1); Rf = 0.50; 
ing the methyl 9a-acetoxy-Ua,15a-bis-(2-tetrahy- IR (liquid film): v; 3400, 1740, 1590, 1440, 760 cm" 1 ; 
dropyranyloxy)-16(g)-phenylthio-16-methylthio- NMR (CDCI3 solution): 8; 7.59-7.25 (5H, m), 

17,18,19,20-tetranorprosta-cis-5, trans-13-dienoate by 4.25-3.95 (2H, m), 3.90-3.70 (1H, m), 3.67 (3H, s), 
200 mg. of methyl 9a-acetoxy-l la,15(Q-bis-(2-tetrahy- 3.20-2.50 (3H, m), 2.27 (1.5H, s), 2.26 (1.5H, s). 
topyranyloxv>16(0-phenylthio-16-methylthio- 33 The present invention includes within its scope phar- 

17,18,19,20-tetranorprostanoate (prepared as described maceutical compositions which comprise at least one 
in Reference Example 26) dissolved in 3 ml. of metha- new thereapeutically useful compound of general for- 
nol, utilising 50 mg. of anhydrous potassium carbonate muk Y 1 ' or cy^extrin clathrate or non-toxic salt 
and purifying the product by column chromatography „ * cr f f ' f°? c * er ^ ^ pharmaceutical carrier or coat- 

1 , • . . ri , A , , r J 60 mg. In cluneal practice the new compounds of the ores- 

on sihca gel using a mtxture of benzene and ethyl ace- ^ ^ ^ JkLtoa* o£u* 

tate (5:1) as e * uent there were obtained 147 mg. of the vaginally. rectaUy or parenterally. * 

title compound having the following physical charac- ^ compositions for oral administration include 

tenstics: compressed tablets, puis, dispersible powders, and Kran- 
IR (liquid film): v; 3450, 1740, 1590, 1440, 1030, 760 « ules. In such solid compositions one or more of the 

cm ! active compounds is, or are, admixed with at least one 

NMR (CDCI3 solution): 8; 7.60-7.00 (5H, m), 4.80-4.40 inert diluent such as calcium carbonate, potato starch, 

(2H, m) 3.62 (3H, s), 2.24 (1.5H s), 2.20 (l.SH, s). alginic acid, or lactose. The compositions may also 
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comprise, as is normal practice, additional substances to 100 jug., and more particularly 10 to 50 j^g., of active 
other than inert diluents, e.g. lubricating agents, such as ingredient per ml. of solution are particularly suitable, 
magnesium stearate. Liquid compositions for oral ad- The solution may contain stabilizing agents such as 
ministration include pharmaceutically-acceptable emul- sodium bisulphite and buffering agents to give it an 
sions, solutions, suspensions, syrups and elixirs contain- 5 isotonic character, e.g. sodium chloride, sodium citrate 
ing inert diluents commonly used in the art, such as and citric acid. 

water and liquid paraffin. Besides inert diluents such The active ingredients may also be administered 
compositions may also comprise adjuvants, such as orally by inhalation in the form of aerosols generated 
wetting and suspending agents, and sweetening, fla- from self-propelling pharmaceutical compositions, 
vouring, perfuming and preserving agents. The compo- 10 Means for producing self-propelling compositions for 
sitions according to the invention, for oral administra- generating aerosols for administration as medicaments 
tion, also include capsules of absorbable material such as are, for example, described in detail in U.S. Pat. Nos. 
gelatin containing one or more of the active substances 2,868,691 and 3,095,355, 

with or without the addition of diluents or excipients. Th e following Example illustrates pharmaceutical 

Solid compositions for vaginal administration inlcude 15 compositions according to the invention- 
pessaries formulated in manner known per se and con- 
taining one or more of the active compounds. EXAMPLE 26 

Solid compositions for rectal adniinistration include l6(5)-Phenylthio-16-methylthio-17,18,19,20-tetranor- 
suppositories formulated in manner known per se and PGE 2 methyl ester (2 mg.) was dissolved in ethanol (10 
containing one or more of the active compounds. 20 ^ ^ mixed with mannitol (18.5 g.), sieved through a 
Preparations according to the invention for paren- 30-mesh sieve, dried at 30* C. for 90 minutes and again 
teral administration include sterile aqueous or non-aque- sieved through a 30-mesh sieve. Aerosil (microfine sil- 
ous solutions, suspensions, or emulsions. Examples of j^. 200 mg.) was added and the powder obtained was 
non-aqueous solvents or suspending media are propy- machine-filled into forty No. 2 hard gelatin capsules to 
lene glycol, polyethylene glycol, vegetable oils such as 25 gj ve ca p SU ies each containing 50 jig. of 16(§>phe- 
olive oil, and injectable organic esters such as ethyl nylthio-16-methylthio-17,18,19^0-tetranor-PGE2 
oleate. These compositions may also include adjuvants me thyl ester which after swallowing of the capsules is 
such as preserving, wetting, emulsifying and dispersing released into the stomach, 
agents. They may be sterilised, for example, by filtration We ei^. 
through a bacteria-retaining filter, by incorportion of 30 j A ^^0^ 0 f fa e formula: 
sterilising agents in the compositions or by irradiation. 

They may also be manufactured in the form of sterile ^ 
solid compositions, which can be dissolved in sterile _/\ /\/\ 

water or some other sterile injectable medium immedi- I , 8 x COOR 

ately before use. 35 

The percentage of active ingredient in the composi- 
tions of the invention may be varied, it being necessary 
that it should constitute a proportion such that a suitable 
dosage for the therapeutic effect desired shall be ob- 
tained. Obviously several unit dosage forms may be 40 

administered at about the same time. In general the wherein A represents a grouping 0 f the formula: 
preparations should normally contam at least 0.025% by ^ 

weight of active substance when required for adminis- ynB 
tration by injection; for oral administration the prepara- 
tions will normally contain at least 0.1% by weight of 45 
active substance. The dose employed depends upon the 
desired therapeutic effect, the route of administration 
and the duration of the treatment. 

In the adult, the doses per person are generally be- &H 
tween 0.01 and 5 mg. by oral administration in the treat- 50 x represents ethylene, Y represents trans-vinylene, R 
ment of hypertension, between 0,5 and 100 /ig. by oral represents a hydrogen atom or a straight- or branched- 
administration in the treatment of gastric ulceration, chain alkyl group containing from 1 to 12 carbon atoms, 
and between 0.001 and 50 mg. by oral, intravaginal, ri represents a hydrogen atom or a straight- or 
intravenous and extra-amniotic administration for con- branched-chain alkyl groups containing from 1 to 10 
traception and menstrual regulation in female mammals 55 car bon atoms, R 2 represents a straight- or branched- 
and in the termination of pregnancy and the induction chain alkyl group containing from 1 to 4 carbon atoms, 
of labour in pregnant female mammals. r3 represents a grouping of the formula: 

Prostaglandin compounds according to the present 
invention may be administered orally by any method 
known per se for administration by inhalation of drugs 60 
which are not themselves gaseous under normal condi- 
tions of administrtion. Thus, a solution of the active 
ingredient in a suitable pharmaceutically-acceptable 
solvent, for example water, can be nebulized by a me- 
chanical nebulizer, for example a Wright Nebulizer, to 65 

give an aerosol of finely-divided liquid particles suitable wherein R 4 and R5 each represents a hydrogen or halo- 
for inhalation. Advantageously, the solution to be nebu- gen atom, a trifluoromethyl group or an alkyl group 
lized is diluted, and aqueous solutions containing from 1 containing from 1 to 3 carbon atoms and cyclodextrin 
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clathrates of such acids and esters and, when R repre- 
sents a hydrogen atom, non-toxic salts of such acids. 

2. A compound according to claim 1 wherein R rep- 
resents a hydrogen atom or a methyl group. 

3. A compound according to claim 1 wherein R| 
represents a hydrogen atom or a straight- or branched- 
chain alkyl group of 1 to 4 carbon atoms. 

4. A compound according to claim 1 wherein R 2 
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represents a straight* or branched-chain alkyl group of 
from I to 4 carbon atoms and R 3 represents a phenyl 
group. 

5. A compound according to claim 1 which is 16(£> 
phenyUthic-16-methylthio-17,18,19,20-tetranor-PGEi 
methyl ester. 
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Receptor Binding and Single Pose Activity 

Androgenic Activity** 

Compound Substituents on 19-nortestosterone* Seminal Ventral Levator Estrogen Estrogenic 

RITNo. 7a lip Other Androgen RBA* Vfcsiclcs Prostate Ani RBA** Activity 4 

~) 

1471-032 CH 3 CH 3 5-alpha-dihydro 377 742 0.7 

1471-034 CH, 0^= 176 993 1519-2148 

1471-038 H CH 3 delta-14 11 100*** <100*** 400" • 



*Estr-4-en-17|i-ol-3-one 

■Relative binding (Dihydro testosterone - 100) to androgen receptor from rat ventral prostate 

""Subcutaneous administration to immature castrated male rats (Testosterone = 100) 

** Relative binding (Estradiol - 100) to estrogen receptor from immature female rat uterus 

^Subcutaneous administration to immature female rats (Estradiol » 100) 

***Single dose level study 



TABLE 2 



Long Term Androgenic Activity in Male Rats 
(% Change from Control') 



Substituents on 19-nortestosterone 



Pinal Body Seminal Vesicle 
Week Weight (%) Weight (% 
m after change from change from 



Compound 



7a lip 



Other 



Dose control) 



control) 



Vfentral Prostate 
Weight (% 
change from 

control) 



Testosterone enanthate (0.6 mg) 10-CH 3 -Enanthate ester 


1 


0% 


452% 


409% 


2 


6% 


318% 


339% 




4 


-7% 


281% 


291% 




6 


0% 


248% 


405% 




8 


-6% 


187% 


150% 




10 


0% 


179% 


130% 


RTI 1471-029 (0.3 mg) CH 3 CH 3 Enanthate ester 


1 


9% 


571% 


368% 




2 


1% 


580% 


582% 




4 


3% 


438% 


583% 




6 


-1% 


603% 


649% 




8 


-10% 


312% 


340% 




10 


-2% 


426% 


562% 


(0.6 mg) 


1 


15% 


968% 


628% 




2 


6% 


1428% 


778% 




4 


1% 


1222% 


1145% 




6 


0% 


1777% 


1810% 




8 


-16% 


1044% 


858% 




10 


1% 


924% 


749% 



The compounds of the present invention may be used in 
any formulation which is suitable for administration by oral, 5Q 
buccal, nasal, intravenous, dermal, subdermal, intramuscu- 
lar or rectal means. However, the present compounds may be 
advantageously used in smaller than conventional skin 
patches, in formulations for buccal administration or in 
aerosol form. When used in aerosol form, the compounds of 55 
the present invention may be used in compressed air or other 
gaseous medium suitable for nasal injection in a can or vial 
having spraying means, such as a nozzle, for releasing the 
contents. Such containing means and aerosol formulations 
for nasal administration are known in the art. 60 

The compounds and/or compositions of the present inven- 
tion when formulated for dermal application may be in the 
form of a cream, lotion or solution for facile topical appli- 
cation. In preparing the cream, lotion or solution, any 55 
conventional and dermatologically acceptable base formu- 
lation may be used. 



For example, a base formulation may be prepared in 
accordance with any of U.S. Pat. Nos. 4,126,702; 4,760,096 
or 4,849,425, all of which are incorporated herein by refer- 
ence in the entirety. 

The present compounds and/or compositions of the 
present invention may be used alone or in combination with 
one or more other pharmacologically active compound as 
noted above for hormone treatment of a mammal in either 
human or animal use. 

Further, the present compounds and/or compositions of 
the present invention may also be used alone or in combi- 
nation with progestins or gonodotrophin-releasing hormone 
analogs, either agonists or antagonists, in controlling male 
fertility. In either utility, the amount administered per dosage 
is generally from about 5% to-about 125% of a conventional 
dosage of a conventional drug. The male may be a human or 
an animal, such as a cat, dog, pig, cow, sheep or ox. 

In accordance with the present invention, while the dos- 
ages of the present compounds and/or compositions a dm in - 
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L3 1 ANSWERS REGISTRY COPYRIGHT 2004 ACS on STN 

IN Cyclopentaneheptanoic acid, 3, 5-dihydroxy-2- (3-hydroxy-4-phenoxybutyl) -, 

[ 1 . alpha .,2. beta . ( R* ) , 3 . alpha . , 5 . alpha . ] - ( 9CI ) 
MF C22 H34 06 

Relative stereochemistry. 



PhO' 




OH 
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OTHER SOURCE (S) : 
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US 1999-122929P 
VO 2000-US5299 
HARPAT 133:222497 

The prostaglandin F analogs I (R - C02H, C(0)NHOH, C02R2, CH20H, 5(0)R2, 
C(0)NHR2, C(0)NHS(0)2R2, or tetrazole where R2 - alkyl, heteroalkyl, 
carbocyclic or heterocyclic aliph. ring, monocyclic a com. or heteroarom. 
ring; R3 - lower alkyl or heteroalkyl, haloalkyl; preferred R2 - He, Et, 
CHMe2; X - CH-C-CH, CH-CH, CH-N, C(O), C(0)Y where Y - O, S, NH; Z - arom. 
or heteroarom. ring provided that when Z is a heteroarom. ring Z is 
attached via a carbon atom) and all stereoisomers, or a pharmaceutical^ 
acceptable salt or biohydrolyzable amide, ester or imide of these analogs 
were prepd. Thus II (no data) vas prepd. in a multiatep sequence starting 
from Me 7- [3 (R) -hydroxy-5-oxo-l-cyclopenten-l-yl] heptanoate. These 
compds. are useful in the treatment and prevention of bone disorders with 
the preferred dosage for systemic administration of about 1 to 50 . rau.g/kg 
body vt. per day. Pharmaceutical compns. contg. I are described. 
291530-95-5P 291531-01-6P 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation}; THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation)! USES (Uses) 



L6 ANSWER 1 OF 1 CAPLUS COPYRIGHT 2004 ACS on STN (Continued) 

(prepn. of prostaglandin F analogs for treatment of bone disorders and 
glaucoma) 

RN 291530-95-S CAPLUS 

CN Cyclopentaneheptanoic acid, 3, 5 -di hydroxy- 2- (3-hydroxy-4-oxo-4- 
phenylbutyl)-, ( 1R, 2R, 3R, 5S) - (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




(CH 2 U 



RN 291531-01-6 CAPLUS 

CN Cyclopentaneheptanoic acid, 3, 5 -di hydroxy- 2- [3-hydroxy-4-oxo-4- 
(phenylamino) butyl}-, (1R, 2R, 3R, 5S) - (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 




IT 291530-96-6 

RL: RCT (Reactant) ; RACT (Reactant or reagent) 

(prepn. of prostaglandin F analogs for treatment of bone disorders and 
glaucoma) 
RN 291530-96-6 CAPLUS 

CN Cyclopentaneheptanoic acid, 2- [4- (3, 5-dif luorophenyl) -3-hydroxy-4- 

oxobutyl]-3,5-dihydroxy-, methyl ester, (1R, 2R, 3R, 5S) - (9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 
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IT 291530-97-7P 

RL: SPN (Synthetic preparation) ; PREP (Preparation) 

(prepn. of prostaglandin F analogs for treatment of bone disorders and 
glaucoma) 
RN 291530-97-7 CAPLUS 

CN Cyclopentaneheptanarcu.de, 2- [4- (3, 5-dif luorophenyl) -3-hydroxy-4-oxobutyl] - 
N, 3, 5-tri hydroxy-, (1R, 2R, 3R, 5S) - (9CI) (CA INDEX NAME) 

Absolute stereochemistry. 



HO 
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